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Abstract 

The adsorption of Zeolite-MBT toward Cd(lI) lon in mixed systems has been investigated in batch 
mode. Effect of time and initial concentration of adsorbent on metal ion selective adsorption was 
investigated. The zeolite-MBT adsorbent was synthesized previously by impregnation of MBT to 
zeolite deallumination at at pH 8, temperature 80°C and zeolit-MBT ratio is 0,12. The result showed 
that the adsorption of zeolite-MBT to Cd(l) ion in mixed system favourable the first-order kinetic 
model with comrelation coefficient, R are 0.758 and 0.635 respectively for Cdil) and C(11) metal 
ions. Freundlich's and Langmuir's mathematical models were used to describe batch adsorption 
equilibrium data and the constant of adsorption were eval uated. The adsorption was found to be 
favourable in both isotherms. The corelation coefficient, Rof Langmuir isoterm are 0.993 and 0.929, 
and the Freundlich's isoterm are 0.943 and 0.920 respectively for Cd and Cr metal ions. 
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Introduction 

Many industrial processes produce aqueous efluents 
containing toxic metal contaminants. According to 
the World Health Organization (WHO), the metals 
of most immediate concerm are aluminum, 

chromium, manganese, iron, cobalt, nickel, copper, 
zinc, cadmium, mercury and lead. In particular, 
cadmium and cadmium compounds are especially 
dangerous and highly toxic. Cadmium toxicity 
contributes to a large number of health conditions, 
including the major killer diseases such as heart 
disease, cancer and diabetes. Cadmium concentrates 
in the kidney, liver and various other organs and is 
considered more toxic than either lead or mercury 
(EL-Sayed et al., 2010). 

Recovery of heavy metal from wastewater and 
industrial waste has become a very important 
environmental issue (Saravanan etal., 2009; Ghazy 
et al., 2008). Inorganic effluent from the industries 
contains toxic metals such as Ni, Cu, Zn and Cd 
which tend to accumulate in the food chain. Because 

electrochemical treatment, chelation, biosorption, 
adsorption, membrane filtration, solvent extraction, 
reverse osmosis, and ion exchange model (Lesmana 
et al., 2009; Panneerselvam et al. 2009; Vázquez, 
2009; Barakat, 2008; and Kurniawan et al., 2006). 

Efforts to adsorb of heavy metal ions in the 
environment by using natural materials have been 
widely reported. Buasri at.al (2008) using natural 
zeolite Clinoptololit to remove Pb (II) from 
wastewater. Halima Husain and Ramlawati (2007) 
using natural zeolite to reduce the levels of peroxide 
in cooking oil. 

Optimization of the purification process of 
waste materials or require development of new 
materials based on the availability of raw materials 
are plentiful and inexpensive and has a high 
effectiveness in removing heavy metals. The 
complexity types of industrial wastes require proper 
handling techniques. 
The use of natural zeolite as an adsorbent for the 
adsorption of heavy metals in waste water has been 
done, because the zeolite qualified as a good 
adsorbent, cheap and easy to find. However, in some 
cases, to a certain practical purpose is to be collected 
or separated from one or several speciftic metals in 

mixed metal waste system, sometimes less selective 
use of natural zeolite as separation power is still 
relatively low (Tsitsishvili et al, 1992). One method 
that is being developed to increase selectivity is to 
modify the surface of natural 
impregnation with certain organic materials. The 
organic materials have been impregnated into zeolite 
characterized favourable to bond with one or several 
specific metal ions than other, hence resulting a 
selective adsorption. 

of their high solubility in the aquatic environments, 
heavy metal can be adsorbed by living organism. 
Once they enter the food chain, large concentrations 
of heavy metals may accumulate in the human body. 
Therefore, it is necessary to treat metal contaminate 
wastewater prior to its discharge to the environment 
(Panneerselvam et al. 2009; Kurniawan et al. 2006). 

Many processes for the removal of heavy metals 
from water and wastewater have been investigated 
Panneerselvam et al. 2009; Buasri et al., 2008; 
Kurniawan et al. 2006). Various treatments have 
been developed for purification of water and 
wastewater contaminated by heavy metals, including 
precipitation, 

zeolite by 

coagulation flocculation, 
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Some of the researches related to the Table 1 Classification of Lewis Acids 
impregnation process has long pioneered. It can be 
concluded that adsorbent materials modified by 
impregnation techniques have adsorption capacity 
and better selectivity for adsorption purposes 
especially depending on the type of metal adsorbate 
and the functional group in organic matter. 
Merkaptobenzotiazol an abbreviated 2-MBT is the 
molecular formula C,H,NS2 impregnant material 
which has high stability and selectivity towards 
certain metal ions. 

IL.N.R Cu'. As'. Au, 1. Hg'.i 
Re. 1.GS Sa 
Al S.Gu'. l.La 
C".C.ke". *, ir 
ST 2 Th. Pu. 

Belc. Bi , Ai1. HOR 

A Kit H, lnt 

ctac arctyletnc, cte 

The impregnation is entering process of material 
to porous of the pellets by using the physical 
interaction between the pore with physics interaction 
impregnant material. Interactions that occur in the 
adsorption of metal ions by the adsorben 
impregnation results in zeolite-MBT, is expected to 
involve the thiolate group (RS-) from MBT. The 
negatively charged thiolate groups have a great 

affinity to interact with positively charged metal 
ions. Thus, the interaction between the MBT with 

'.R'.(O. 
Ralk meth 

e .o.Nr(u l'. P 

The grouping of Lewis acid-base through to the 
HSAB Pearson principle, hard acid will interact with 
hard base to form complex, and it also happened for 
soft acid-base. Interaction of hard-acid with hard-

adsorbate metal ions is seen as a Lewis acid-base 
interactions that form a complex on the surface of 
solids (Amri et al. 2004). 

Based on the classification Pearson acid-based, 
active situs on solid surface could be assumed as 

base is ionic interaction, while soft acid interaction 
with soft base, and the interaction is in covalent. In 
this research, impregnated MBT on zeolit consists of 
weak base of thiolat (R-SH). The interaction of 
thiolate with metal had to be happened as suitable 
with HSAB Pearson's principle 

ligan which could bond the metal selectively. Metal 
and ligan are grouped according to characteristic of 
elements polarizability. Pearson (1963) said that the 
principle is Hard and Sofi Acid Bases (HSAB). 
Ligands with highly electronegative atoms and small 
size is a strong base, while the ligands with their 
valence electrons of atoms are easily polarized under 
the influence of ions from the outside is a weak 

Table 2 Cassification of Lewis bases 

Hard Soft 

HO. OH.F 
CH,CO, PO}, SO 
Ct.co.cioj, NO, 
ROH, RO. R,O 

RS. RSH, RS 
base.The outer electron of small metal ions isn't T, SCN, S,0 

RP. RAs, (RO),P 
CN, RNC, CO 
CH. CH 
H, R 

influenced by outer ion, this is grouped into strong 

acid, while the big one is strong base 
According to Pearson's hard soft [Lewis) acid 

base (HSAB) principle: Hard [Lewis] acids prefer to 
bind to hard [Lewis] bases and Sofi [Lewis] acids 

prefer 
(http://www.meta-synthesis.com/ webbook/ 43 hsab 
HSAB.html). At first sight, HSAB analysis seems 
rather similar to the Type A and Type B system. 
However, Pearson classified a very wide range of 
atoms, ions, molecules and molecular ions as hard, 
borderline or sofi Lewis acids or Lewis bases, 
moving the analysis from traditional metal/ligand 
inorganic chemistry into the realm of organic 

chemistry. 
Pearson's HSAB Classification System, from 

Table 1 for classification of Lewis acids and Table 2 
for classification of Lewis bases. 

NH, RNH. N,H 

to bind soft Lewis] bases Borderline 

CHNH2. CgH,N, N5. Br, NO,. So} , N: 

Based on these principles, then the 2- 
merkaptobenzotiazol impregnan expected to interact 
strongly with the metal ions form a soft acid than 
covalent bonds with metal ions characterized by 
strong acids. The model of interaction between the 
zeolite-MBT with metal ions can be seen in Figure 
1. 

Based on the background and theory, in this 
study will be reviewed and the kinetics of zeolite 
MBT adsorption isotherms of Cd ions in the mixed 

system. 
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Figure 1 The interaction between the zeolite-MBT with Cd(11) metal ions. Source: Amri, et al. (2004) 

interaction with metal ions Cd in binary mixture was 
varied, ie 60, 120, 180 and 240 minutes. Each 
treatment was made triplo. 

The equation of first-order () and second 
order (2) kinetics are used are: 

Materials and Methods 

Materials 

The materials of the research, are:: zeolite 
sampel from Sangkaropi Saddang Balusu Sub- 
district, Toraja Utara District, 2- 1) 

mercaptobenzothiazol, 
hydrogen phosfat, Cd(NO,)2. 4 H,0, Cr(NO,).9 
HO. The apparatus are: Shakerbath, Ball mill, oven, 
Water bath, AAS, dan FTIR. 

buffer citric-sodium 

Where 
k = rate constants 

Preparation of zeolit-MBT t time of reactions 
a initial concentration (mg L) 
x = final concentration (mg/L) The zeolites +100-150 mesh dealuminated by adding 

100 ml of 6 M H,SO4 and 100 ml of 0.5 M KMnO4, 
then heated for 4 hours at 80 ° C with gently stirring 

over a hot plate. Furthermore, the zeolite was 
washed until neutral, and dried at 80 ° C for 12 

hours. Zeolite obtained coupled with 100 ml of 6 M 
H2S04 and heated at 80° C for 5 hours with stirring 
gently, then washed with aquades to neutral. After 
that, the sample was added 150 ml of 6 M HCI and 
heated at 80 ° C for 3 hours with stirring gently, and 

then washed again until neutral pH and dried at 80 
C for 12 hours (Amri, et al, 2004). Furthermore, 
zeolite impregnated with MBT in optimum 
conditions of impregnation at pH 8, temperature 
80°C with zeolite-MBT ratio of 0.12 (Ramlawati 
and Darminto, 2009). The results obtained so-called 
zeolite-MBT. 

Determination of adsorption isotherm 

The pattem of adsorption isotherms are 
determined through the interaction of zeolite-MBT 
on different variations of the initial concentration. A 

certain amount of zeolite-MBT mixed with a 
solution of a mixture of Cd metal ions in binary 
mixtures diinteraksikan for 3 hours at pH 7 and the 
ratio of the zeolite-adsorbate solution of 0.03. Initial 
concentration of metal ion mixtures varied, namely 
10, 25, 50, 100 and 150 mg/L. The amount of metal 
ions adsorbed on the zeolite-MB T was analyzed by 
AAS. The amount of cadmium adsorbed on zeolite 
MBT was analysis by AAS. Each treatment was 
made triplo.The amount of cadmium adsorbed was 

taken as the difference the between the amount taken 
And that found in the filtrate on equilibration after 
making due Corrections for the cadmium and 
chromium ions present in the entrapped solution. 

Characterization of Zeolit-MBT 

Characterization of zeolite-MBT interaction with 
metal ions used FTIR, namely by comparing the 
FTIR absorption spectra of zeolite-MBT by 
absorption spectra of zeolite-MBT metal-ion. 

From the above measured data, sorption kinetics, 
Langmuir's isotherm and Freundlich's parameters 
were evaluated. The cadmium ion uptake in diner 

mixed was calculated using the following mass 

balance equation: Determination of adsorption kinetics of zeolite-MBT 
to Cd(l) ions in mixed method 

) 
Zeolite-MBT was interacted with metal ion in mixed 
solution of Cd-Cr at pH 7 and the ratio (zeolite-
MBT)-adsorbate solution 0.03. MBT zeolite-time 
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K and b should be complicated by slope and 
intersep of diagram (Oscik, 1982). 

Where 
ge Or x/m=metal ion uptake (mg metal ion/g 

adsorbent) 
V= Volume of metal ion solution in contact with 

adsorbent(L) 
C Initial concentration of metal in solution 

(mg/L) 
Ce Final Concentration of metal in solution 

(mg/L) 
S Dry weight of the adsorbent (g) 

Results and Discussions 

Characterization of zeolite-MBT 

The success of MBT impregnation on zeolite can be 
identified in the FTIR spectra of zeolite-MB1 
(Figure 2. The typical absorption spectra of MBT at 
a wavelength of 1595 cm of the C=C aromatic, C 

C aromatic weak at a wavelength of 1639 cm,
CH aromatic strec at + 3000 cm', CH def absorption 

at a wavelength of 848 and 866 cm", aryl-SH 
absorption at a wavelength of 2505.4 cm, CS 
absorption at 603.7 cm', CN absorption at 1319 cm 

The pattern of zeolite-MBT adsorption can be tested 
against patterns suitable with Freundlich and 
Langmuir adsorption isotherms. Equation of 
Freundlich and Langmuir adsorption isotherms are 
respectively as follows: 

loglog k+log c Effect of contact time and adsorption kinetics 

(4) 
Effect of contact time of zeolite-MBT adsorption of 
metal ions Cd in the mixed system is shown in 
Figure 3. In the picture looks a maximum adsorption 
for Cd and Cr metal ions occurs in the range of 3-4 
hours. 

Where: 
X= amount of metal ion was adsorbed (mg/L) 
m amount of adsorbent (g) 

cequilibrium concentration (mg/L) 
k dan n = konstanta The adsorption kinetics of metal ions in 

zeolite-MBT has been tested by evaluating the 
enforceability of the metal ion adsorption data at 
various contact time. Validity of data on the kinetics 
of first order equations and second-order two metal 
ions can be seen in Figure 4 (a) and 3 (b). 
In summary the coefficient of determination (R ) is 
great for both metal ions, then to order kinetics first 
and second-order zeolite ion-MBT of Cd ions in a 
mixture of beer can be seen in Table 3. 

=+C 
Where 

C-equilibrium concentration (mg/L) 
qamount of metal ion was adsorbed (mg/g) 
b and K= konstanta 
Adsorption capacities (b) = slope 

15000 1259 200. 

Figure 2 FTIR spektra of zeolit-MBT 
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Figure 3 Effect of contact time on the adsorption of zeolite-MBT 
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Figure 4 Graph order-kinetics of the adsorption of zeolite-MBT to Cd and Cr ions 

In Table 3, it appears that the adsorption of both 
Cd(II) and Cr(Il) ions on zeolite-MBT are pseudo- 
first- and pseudo-second order kinetics 

Effect of initial concentration and adsorption 
isotherm

Coefficient of Determination Zeolite 
Adsorption Kinetics of lon-MBT Cd in 
Binary Mixture 

Initial concentration of metal ions in the mixed 
system affecting the adsorption of MBT on the 
zeolite-metal ions. 

Table 3. 

Data obtained from these 
variables can be used to determine the pattern of 
adsorption of metal ions in zeolite-MBT. The patterm 
of zeolite-MBT adsorption on ion Cd(l) and Cr(llI) 
can be seen in Figure 5 

The increases of the initial concentration 

Koef. determinasi (R) 
Metal lon 

Equation 
Metal ion 

CrI) 
0.960 

Second Order Kinetics|0.763 0.947 

CdI) 
followed with increasing amount of metal ions 
adsorbed on the zeolite-MBT. The amount of 

First Order Kinetics 0.831 

adsorbed metal ions is almost constant at the initial 
concentration of 100 to 150 mg/L. 

Ramlawati et al. 
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Figure 5 Adsorption isotherm of zeolit-MBT to Cd and Cr ions 
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Figure 6 Langmuir Isotherm of Cd and Cr Adsorption on Zeolite-MBT 
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Figure 7 FTIR spektra of interraction between zeolit-MBT and Cd() 
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The initial concentration of metal ions affect the 
adsorption of zeolite-MBT. The data obtained show 
that the pattern of metal ion adsorption of Cd and Cr 
suitable Langmuir isotherm pattern, namely thec 
occurrence of single-layer adsorption in which the 
initial concentration increases at a certain 

the isoelectric point (IEP) for silica Occurs at 
approximately pH 2, and is somewhat dependent on 
the exact nature of the surface. The density of 
negative charges remains low until the solutíon pH 
reaches 6, but increases sharply the between pH 6 
and 11 (Koopal and Goloub (in Atkin et al. 2003). 

concentration does not lead to an increased amount 
of adsorbed metal ions. This occurs because the 

Conclusions surface of the adsorbent was charged metal ions. 
Validity of data on the pattern of the Langmuir 
isotherm can be seen through the graph in Figure 6 
(a) and 6 (b). 

Langmuir isotherm patterns indicate that the 
interactions that occur between the adsorbent and 
adsorbate occurs on the surface. Interactions of this 

The results showed that the adsorption of zcolite-MBT 
toward Cd" ions in biner mixed that zeolite-MBT is an 
cflicicnt as sclective adsorbent media for the removal of 
cadmium ions from biner mixed in aqueous solution and 
wastcwater. The removal efficiency increases with the 
increase of contact time and initial concentration. The 

adsorption 
while the kinetic data were represented by pseudo-first and 

second-order kinctic model. The impregnation of zeolites 

otherm data fit well with Langmuir isotherm ype occurs when there isa strong interaction 
between adsoben and adsorbate (Oscik, 1982). 

The existence of strong interactions that occur 

between Cd ions and Cr ions in zeolite-MBT can be 
seen in FTIR spectra are in Figure 2.7 and 8. In the 
Figure 6 it appears that the spectra of aryl-SH 
groups at a frequency of 250Scm" no longer 
appears FTIR spectra of zeolite-MBT-Cd spectra 

zeolite-MBT-(Cd-Cr). The C-C aromatic 
group of MBT and the spectra of Si-OH at 3411 
cm-1 frequency appear sharply in the spectra of 

zeolite-MBT-Cd-Cr. 

can very well be recommended for selective adsorption of 
cadmium in wastewater treatment and control of 
environmental pollution. 

Acknowledgements 
and 

Acknowledgements submitted to the Chairman 
of the Research Institute which has approved 
research grants by the State University of Makassar 
DIPA so this research can be done. The high adsorption thiolat other than caused by 

the negatively charged groups are also caused by 
the negatively charged silanol groups. As stated by 

500 0O0 2500 0 2C00 790.0 1250 6 
PT1 H T ATETJ 04- TJ/ 

Figure 8 FTIR spektra of interraction between zeolit-MBT- (Cd-Cr) 

Ramlawati et al. 311 



Proceedings of the 2 Internatioal Seminar on Chemistry 2011 (pp. 371-378) 
Jatinangor. 24-25 November 2011 
ISBN 978-602-19413-1-7 

References 

Amri, A., Supranto &M. Fahrurozi. 2004. 
Kesetimbangan Adsorpsi Optional Campuran 
Biner Cd(I) dan Cr{ll) dengan Zeolit Alam 

Terimpregnasi 2-merkaptobenzotiazol. Jurna 
Natur Indonesia, 6(2): 111-117. 

Atkin, R., V.S.J. Craig, E.J. Wanless & S. Biggs. 

Kurniawan, T.A., G.Y.S. Chan, W.H. Lo & S. 
Babel. 2006. Physico-chemical Techniques for 
Wastewater laden with Heavy Metals. Chem 
Eng.J.. IU8: 83-98. 

Oscik, J. 1982. Adsorption. Chichester: John Wiley 
& Sons. 

S.S. Panneerselvam, 
Thiruvengadaravi, 
Palanichamy & S. Sivanesan. 2009.The 
removal of copper ions from aqueous solution 
using phosphoric acid modified zeolites. 
Indian Journal of Science and Technology. Vol.2 
No 2 (Feb. 2009) ISSN: 0974-6846. 

Ramlawati & Darminto. 2009. Rekayasa Adsorben 
Selektif 

P.P., Bala, K.V. 
J. Nandagopal, M. 

2003. Mechanism of cationic surfactant 
adsorption at the solid-aqueous interface. 
Adances in Colloid and lInterface Science 103: 

219-304 
Barakat, M.A. 2008. Adsorption of Heavy Metals 

from Aqueous Solution on Synthetic Zeolite. 
Research Journal of Environmental Sciences 
2(1): 13-22: ISSN 1819-3412. 

Buasri, A.. N. Chaiyut, K. Phattarasirichot, P. 
Yongbut & L. Nammueng. 2008. Use of 
Natural Clinoptilolite for the Removal of Lead 
(11) from Wastewater in Batch Experiment. 
Chiang Mai J. Sci. (online): 35(3); 447-456. 

E-Sayed, G. O, H.A. Dessouki & S.S. Ibrahim. 
2010. Biosorption Of Ni (11) And Cd (11) Ions 
From Aqueous Solutions Onto Rice Straw. 
Chemical Sciences Journal. 9: 1-11. 

Husain, H.. & Ramlawati. 2007. Pengaruh Aktivasi 
Fisika Dan Kimia Terhadap Kemampuan Zeolit 
Menurunkan Kadar Peroksida Minyak Jelantah, 
Lapen UNM. 

Kannan, N. & T. Veemaraj. 2008. Removal of 
Lead(I) lons by Adsorption onto Bamboo Dust 
and Commercial Activated 

Zeolite-MBT untuk Mengatasi 
Pencemaran Logam Berat dari Limbah Industri. 
Lapen Hibah Bersaing Tahun I. Makassar: UNM. 

Saravanan, P., K.Pakshirajan & P. Saha 2009, 
Batch growth kinetics of an indigenous mixed 
microbial culture utilizing m-cresol as the sole 
carbon source. J. Hazard Mater., 162(1): 476- 
481 

Setiadi & Astri Pertiwi. 2007. Preparasi Dan 
Karakterisasi Zeolit Alam Untuk Konversi 
Senyawa Abe Menjadi 

Prosiding Konggres Dan Simposium Nasional 
Kedua MKICS. ISSN: 0216-4183 

Hidrokarbon. In 

Tsitsishvili, G.V., T.G. Andronikashvili, G.N. 
Kirov & L.D. Filizova. 1992. Natural Zeolites. 
London: Ellis Harwood Ltd.. 

Vázquez, G., J. González-Álvarez, M.S. Freire, 
M. Calvo & G. Antorrena. 2009. DeterminationCarbons,-A
Of The Optimal Conditions For The Adsorption 
of Cadmium lons And Phenoi On Chestnut 
(Castanea Sativa) Shel. Global Nest Journal. 
11(2): 196-204. 

Comparative 
Chemistry.ISSN: 0973-4945, 6(2), 247-256. 

Study. E-Journal of 

Ramlawati et al. 
378 


