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Abstract: Rice hulls, a biomass waste product, and Lewatit TP 214, a thiosemi-
carbazide sorbent, were investigated as adsorbents for the adsorption of pla-
tinum(1V) ions from synthetically prepared dilute chloroplatinic acid solutions.
The rice hulls were characterized by attenuated total reflection-Fourier trans-
form infrared spectroscopy (ATR-FTIR). The effects of the different adsorp-
tion parameters, sorbent dosage, contact time, temperature and pH of the solu-
tion on the percent adsorption were studied in detail for batch sorption. The
adsorption equilibrium data were best fitted with the Langmuir isotherm model.
The maximum monolayer adsorption capacities, Qmax, a 25 °C were found to
be 42.02 and 33.22 mg g1 for the rice hulls and Lewatit TP 214, respectively.
Thermodynamic calculations using the measured AH®, AS® and AG® values
indicated that the adsorption process was spontaneous and endothermic. The
pseudo-first-order and pseudo-second-order rate equations were investigated;
the adsorption of platinum ions for both sorbents was found to be described by
the pseudo-second-order kinetic model. The kinetic rate, k,, using 30 mg sor-
bent at 25 °C was found to be 0.0289 and 0.0039 g min'l mg! for the rice hulls
and Lewatit TP 214, respectively. The results indicated that the rice hulls could
be effectively used for the removal of platinum from agueous solution.
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INTRODUCTION

Platinum is one of the most important precious metals as it is widely used
worldwide in many industrial applications, such as in catalytic converters, ther-
mocouples, the jewelry sector, platinum electroplating solutions, and |aboratory
equipments, etc. The diminishing availability of mineral sources and the increas-
ing demand for platinum make its recovery from waste solutions and scrap mate-
rials important.1 Platinum recovery from secondary sources, such as catalytic
converters, thermocouples, waste electroplating solutions and leaching solutions
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stemming from primary resources, is of paramount importance.l Recently, pla-
tinum adsorption from agueous solutions via resins or waste materials has
received considerable attention because platinum is appreciably present in elec-
tronic parts and plating materials due to its high resistance to oxidation.2

Worldwide, adsorption is commonly applied in waste treatment applications.
Liquid—solid adsorption systems are based on the ability of certain solids to con-
centrate preferentially specific substances from solutions onto their surfaces. This
ability can be used for the removal of pollutants, such as heavy meta ions and
chemical compounds, from wastewater.3-6

Over the past decade, significant research effort has been directed to find
low cost, high capacity adsorbents for the removal of metal ions. A wide range of
adsorbents have been developed and tested, including several activated car-
bons.”10 |n addition, a number of low cost agricultural wastes, such as peat coal,
rice hulls, tree fern and chitosan, have been used for the removal of a range of
metal ions. In particular, several natural resources have been studied for platinum
recovery, including activated carbon,? chitosanl! and ion exchange resins.12

Adsorption methods are widely used and are very effective at low metal con-
centrations. Among the different types of sorbents, synthetic ion-exchange resins
offer substantial advantages, such as high selectivity, good kinetic properties, and
the following convenient forms for use: granules, powders, fibers, and filters.
The majority of these resins are based on organic matrices with chemically bound
functional groups that coordinate to or chelate metal ions. Lewatit TP-214 is a
chelating resin with thiourea groups that exhibit a high affinity for platinum and
other precious metals, such as silver and gold. The resin possesses a matrix of
cross-linked polystyrene. Lewatit TP 214 is one of the most commonly used
resins that consist of polystyrene-containing thiourea groups.13

Rice hulls, the hard protective covering of rice grains, are an agricultural
waste material. Recently, rice hulls have been employed as building materias,
fertilizers, insulation materials and fuel. In the majority of rice-producing count-
ries (e.g., Japan, China, Turkey and India) most of the hulls generated from rice
processing are either burned or discarded as waste.13.14

In Turkey, agricultural by-products and waste materials that are available in
large quantities may have the potential to be used as low-cost adsorbents. The
conversion of agricultural waste materials into activated carbon would add con-
siderable economic value, help to reduce the cost of waste disposal and, most im-
portantly, provide a potentially inexpensive alternative to the existing commer-
cial activated carbons.

There are many studies in the literature on the preparation of activated car-
bons from agricultural wastes, such as sunflower seed hulls, peanut hulls, almond
shells, wheat bran, coir pith, banana pith, date pits, cotton stalks, palm tree,
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PLATINUM ADSORPTION BY RICE HULLS 813

orange peel, corncab, barley husk, palm kernel shells, rice husk, pinewood and
soy hulls.15-27

In this work, rice hulls, an agricultural by-product, and Lewatit TP 214 were
used to adsorb platinum from dilute platinum chloride solutions. The objective of
the study was to describe an effective adsorption process using either Lewatit TP
214 or rice hulls and to compare the two sorbents by describing the optimal con-
ditions and parameters for the adsorption of platinum, including the adsorption
isotherms of platinum ions and the kinetics and thermodynamics of the adsorp-
tion process. For these reasons, the following parameters were studied to inves-
tigate their effect on the percentage of platinum adsorbed: amount of sorbent,
contact time, temperature and solution pH.

EXPERIMENTAL

The Lewatit TP 214 (with a density of approximately 1.1 g ml-1) was obtained from the
Lanxess Company, Germany. The rice hulls were obtained from the Gokbayrak Company,
Turkey. The rice hull material of ~250 um was used for all experiments.

The platinum-containing solutions for the experiments were prepared from chloroplatinic
acid (H,PtClg) standard solution (Merck, Germany). Distilled water was used for the wet che-
mical analyses.

This study was conducted using a batch system by varying one parameter at a time. For
each experiment, 5 ml of a platinum solution was brought into contact with the sorbent (Lewa-
tit TP 214 or rice hulls) in a Falcon tube to avoid exposure to air. The Falcon tubes were
shaken in atemperature-controlled water bath at a manually adjusted shaking rate of 100 rpm.
Theinitial platinum ion concentrations were 100, 150, 200 and 250 mg L1

The first experimental series examined the effect of varying the sorbent dosage. The
second experimental series investigated the effect of varying the contact time from 15 to 120
min. The third experimental series explored the influence of temperature, which ranged from
25t0 45 °C. In the fourth experimental series, the effect of solution pH was evaluated. For this
purpose, hydrochloric acid and sodium hydroxide were employed to adjust the pH level of the
solution. The final experimental series investigated the adsorption kinetics, isotherm and ther-
modynamics.

Solid-iquid separation was performed following each run. For the ICP-OES analysis,
each filtered solution was introduced into the instrument following an appropriate dilution.

The adsorption percentage, A, was cal culated using the following equation:28:22

A =100(co - c))/co D

The adsorption capacity of the platinum ion was calculated using the following general
equation:28:29

Qe = (Co —C)V/m @)

in which g, is the amount of metal ions adsorbed at equilibrium per unit weight of sorbent (mg

g1, ¢p and ¢, (mg LY are the platinum ion concentrations present in the solution before and

after adsorption, respectively, V is the volume of the solution (in L), and mis the amount of
sorbent (in g) used in the adsorption experiment.
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814 MORCALI, ZEYTUNCU and YUCEL

Preparation and characterization of the rice hulls

The dry rice hulls were crushed using a crushing mill. The resulting recovered product
was washed several times with distilled water to eliminate water-soluble impurities and then
dried in an oven at 105 °C. The sample was then removed from the oven and cooled in a
desiccator. After cooling, the rice hull material was subsequently subjected to a homogeni-
zation treatment using a three-dimensional shaker for 1 h.

The identification of some characteristic functional groups was performed using FTIR
spectroscopy. The IR spectrum of the rice hullsis displayed in Fig. 1.
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Fig. 1. FTIR absorption spectrum of rice hulls.

The IR bands of rice hulls in the region 1200-1000 cm! were considered to result from
the superposition of vibrations of the C-OH bonds and Si—O bonds in the siloxane (Si—-O-Si)
groups. The intense band at 1053 cm! corresponds to the stretching vibrations of silicon—
oxygen tetrahedrons (SiO,4). The high intensity of this peak was probably due to the super-
position of the stretching vibrations of the C-OH bonds in the interval 1200-1000 cm! and
the stretching vibrations of the Si—O bonds. The absorbance pesk at 442 cm! was due to the
bending vibration of siloxane bonds.13

RESULTS AND DISCUSSION

The following results outline the factors that play arole in platinum adsorp-
tion and the conditions for attaining maximum adsorption percentage of platinum.
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PLATINUM ADSORPTION BY RICE HULLS 815

Effect of sorbent dosage on platinum adsorption

The dosages of the rice hulls and Lewatit TP 214 material were varied, rang-
ing from 10 to 100 mg in the first experimental series. The adsorptions of plati-
num with increasing sorbent dosages are presented in Fig. 2.
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Fig. 2. The effect of increasing sorbent dosage on platinum adsorption (60 min, 25 °C, 100
rpm, pH 1.5 and 5 mL of 100 ppm solution).

The platinum adsorption was found to increase with increasing sorbent dosage
because adsorption reactions are thermodynamically more favorable when the
sorbent-to-metal ion ratio is high.1330 This is an expected result because as the
amount of adsorbent increased, the available surface area increased, thereby
exposing more active sites for the binding of metal ions. A similar trend for the
effect of adsorbent concentration was observed in a study by Aktas and Mor-
cali.13

Therice hull material was equally successful as Lewatit TP 214 at adsorbing
platinum ions. For a 60 min contact time with the platinum-containing solution,
Lewatit TP 214 (20 mg) exhibited a platinum adsorption of 80 %; with 50 mg of
the Lewatit TP 214, 95 % of the platinum was adsorbed. Similarly, for a 60 min
contact time, 95 % of the platinum was adsorbed using 60 mg of the rice hull
material.

Effect of time on the platinum adsorption

In this experimental series, the effect of contact time on the percent platinum
adsorption was studied in the range of 15 to 120 min. The platinum adsorption as
afunction of contact timeis presented in Fig. 3.
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Fig. 3. Platinum adsorption as a function of contact time by a) rice hulls and b) Lewatit TP
214 (25 °C, 100 rpm, pH 1.5 and 5 mL of 100 ppm solution).

Figure 3 demonstrates that increasing the contact time had a positive effect
on the platinum adsorption (i.e., the platinum adsorption increased with increas-
ing time). Figure 3a shows that the adsorption of platinum reached equilibrium
after 15 min, i.e., there was no significant increase in adsorption percentage after
15 min. Initialy, the rate of adsorption was higher because al the adsorption
sites on the rice hull material were vacant and the concentration was high, but
after 15 min, all the adsorption sites were filled with platinum ions, resulting in
unchanged adsorption percentages. Figure 3b indicates that the adsorption of pla
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PLATINUM ADSORPTION BY RICE HULLS 817

tinum by Lewatit TP 214 reached equilibrium after 90 min. This is an expected
result because the adsorption rate of Lewatit TP 214 was stable. Thus, the
adsorption rate of the rice hull material is faster than that of Lewatit TP 214.

To analyze the adsorption rates of platinum ions onto the rice hull material
and Lewatit TP 214, two different kinetic models were applied.

Adsor ption kinetics

To investigate the controlling mechanism of the adsorption process, i.e.,
mass transfer or chemical reaction, the pseudo-first-order and pseudo-second-
order rate equations were studied for the adsorption of platinum ions by the rice
hull material and Lewatit TP 214.

Pseudo-first-order rate equation. The pseudo-first-order rate expression,
popularly known as the Lagergren Equation, is generally described by the fol-
lowing equation:31,32

dg/dt = Kag(de — ) ©)
where (e is the amount of metal ions adsorbed at equilibrium per unit weight of
sorbent (mg g1), g is the amount of metal ions adsorbed at any timet (mg g-3),

and kg is the rate constant (min~1). Integrating and applying the boundary con-
ditionsfromt=0andgq=0tot =t and g = q;, EQ. (3) takesthe form:
In (de — Gt) = 1N e — kgt (4)
To determine the rate constants, plots of In (ge — ) vs. t (time) were made
(not presented). These plots exhibited straight lines for the rice hull material and
for Lewatit TP 214. The intercept of these plots resultsin In ge.

Pseudo-second-order rate equation. The adsorption data were also analyzed
in terms of a pseudo-second-order mechanism given by:33

doy/dt = kx(de — ) ()

where k is the rate constant (g min—1 mg1). Integrating the above equation and
applying the boundary conditions, i.e.,t=0forg=0andt=tfor q = q, gives.
t/ge = U(koqe?) + 1/(Cel) (6)
The plots of t/g; vs. t yielded straight lines, as shown in Fig. 4, which enabled
the calculation of ky. The linear model exhibited a good fit for the two sorbents.
The application of the different kinetic models revealed interesting features
regarding the mechanism and the rate-controlling step in the overall sorption pro-
cess. The kinetic parameters of both the rice hulls and Lewatit TP 214 under dif-
ferent conditions were calculated and the results are given in Table |. To quantify
the applicability of each model, the correlation coefficient (R2) was calculated
from these plots. The fits showed that the pseudo-second-order rate equation, an
indication of a chemisorptions mechanism, is a better fit (R2 > 0.99) than the
pseudo-first-order rate equation (R2 << 0.99) (Table ).
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TABLE I. Constants for the pseudo-first-order and pseudo-second-order rate equations for
platinum ion adsorption onto rice hulls and Lewatit TP 214

Rice hulls | Lewatit TP 214
Constants for the pseudo first-order rate equation (Lagergren rate constants)
Sorbent, mg Kg/minl  g./mggl R2 Ko / min't g./mggl R?
10 0.0438 29.02  0.8562 0.0436 3208 0.9574
20 0.0291 5.09 0.9549 0.0451 23.63 0.9796
30 0.0268 2.23 0.9632 0.0462 16.10  0.9685

Constants for the pseudo second-order rate equation
Sorbent, mg  ky/gminlmg?! g./mgg! R2 ko/gminimg!l g./mggl R?

10 0.0032 41.15  0.9986 0.0011 2941  0.9944
20 0.0127 21.60  0.9995 0.0020 2519  0.9941
30 0.0289 1536 0.9999 0.0039 17.99  0.9927
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Effect of temperature on platinum adsorption

In this experimental series, the effect of temperature on platinum adsorption
was studied in the range of 25 to 45 °C. The percentage adsorption of platinum as
afunction of temperatureis presented in Fig. 5.
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Fig. 5. Platinum adsorption as a function of temperature by a) rice hulls; b) Lewatit TP 214
(20 mg, 100 ppm, 100 rpm, pH 1.5 and 5 mL of 100 ppm solution).

Figure 5a shows that the temperature had little influence on the adsorption
percentage for the rice hulls. After 120 min, only an approximately 10 % incre-
ment was obtained when the temperature was increased from 25 °C to 45 °C. The
platinum adsorption vs. time curves at different temperatures were smooth and
continuous, gradually leading to saturation, which indicates a monolayer cove-
rage of metal ions on the surface of the adsorbent.34 However, as evident from
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Fig. 5b, increasing the temperature had a noticeable effect on platinum adsorp-
tion onto Lewatit TP214. After 120 min, an approximately 35 % increment was
obtained when the temperature was increased from 25 to 45 °C. Thus, the tem-
perature clearly had a greater effect for Lewatit TP 214 than for therice hulls.

Effect of solution pH on platinum adsorption

In this experimental series, the effect of solution pH on platinum adsorption
was studied using sorbent dosage of 20 and 30 mg at room temperature for 1 h.
The influences of solution pH on platinum adsorption are presented in Fig. 6.

........... o)
954 e SO
oo SO °
............. AL L@
s @ e
2 W g
.E 90 { o R A ey
-, .
2
=
-«
85
® Lewatit TP 214-20 mg
. O Lewatit TP 214-30 mg
20 . v  Rice Hull-20 mg
10 T A Rice Hull-30 mg
0 T T T T T T T
1.5 2.0 2.5 3.0 3.5 4.0 4.5

pH

Fig. 6. Platinum adsorption as a function of solution pH by rice hulls and Lewatit TP 214
(25 °C, 60 min, 100 rpm, 5 mL of 100 ppm solution).

From Fig. 6, it can be seen that increasing the solution pH resulted in higher
platinum adsorption by Lewatit TP 214. However, on increasing the solution pH,
dightly lower adsorption percentages were obtained with the rice hulls. It could
be concluded that platinum adsorption should be performed using acidic media of
pH ~2.5.35

Investigation of the adsor ption isotherms

The adsorption isotherms of platinum ions on these sorbents were studied at
three different temperatures, specifically 25, 35 and 45 °C, by varying the initial
concentrations of the solutions from 100 to 250 ppm while keeping all other
parameters constant.

The equilibrium data obtained were analyzed with respect to the Langmuir

and Freundlich isotherms.
Freundlich isotherms. The data obtained for the adsorption of platinum ions
onto the sorbents at equilibrium concentration, cg, ranging from 100 to 250 ppm,

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS




PLATINUM ADSORPTION BY RICE HULLS 821

were fitted to the Freundlich Equation. The following linearized form was
used:36.37

log ge = log KF + (1/n)log ce (7)
in which, ge is the amount of metal ions adsorbed at equilibrium per unit weight
of sorbent (mg g1), ce is the equilibrium ion concentration present in the solution
after adsorption, Kg is the empirical Freundlich constant or the capacity factor
(mg g 1), and 1/n is the Freundlich isotherm constant. The constants Kg and n are
empirical constants that are characteristic of the system and depend on the nature
of the sorbent, the nature of the sorbate, the temperature and the pressure.

Plots of log ge vs. log ce for the adsorption of platinum ions onto the rice
hulls and the Lewatit TP 214 yielded straight lines with positive slopes, given by
1/n, and intercepts at log Kg (not shown).

Langmuir isotherms. The following linearized form of the Langmuir Equa-
tion was used to analyze the adsorption data for the adsorption of platinum ion on
the rice hulls and the Lewatit TP 214, respectively:37.38

Ce/0e = 1/(QmaxKL) + (1/Qmax)Ce (8)
where (e is the amount of metal ions adsorbed at equilibrium per unit weight of
sorbent (mg g1), ce is the equilibrium concentration of the sorbate in solution
following adsorption, Qmax iS the maximum adsorption capacity (mg g-1) (which
is generally called the monolayer capacity), and K is the Langmuir equilibrium
constant (L mg1). Figure 7 shows the Langmuir adsorption isotherm plot of
Ce/Qe VErsus Ce.

The adsorption isotherms of both rice hulls and Lewatit TP 214 under
different conditions were calculated and the results are given in Table Il. The
values of each model and the correlation coefficient, R2, were calculated from
these plots. The linearity of these plots indicates the applicability of the two
models. The correlation coefficients, R2, showed that the Langmuir isotherm (R2 >
> 0.99) fits the data better than the Freundlich isotherm (R2 < 0.99). This result
indicates that the adsorption process of platinum ions onto the surfaces of Lewatit
TP 214 and rice hulls is a monolayer adsorption process.

Investigation of adsor ption thermodynamics

The temperature range chosen in this study was 298 to 318 K. The adsorp-
tion percentage increases with increasing temperature. The thermodynamic para-
meters for these adsorption processes, such as enthalpy change, AH®, entropy
change, AS°, and the free energy of specific adsorption, AG®, were calculated
using the following equations;34:39:40

Kc =cacd/Ce 9

where K¢ is the equilibrium constant, cac and ce are the equilibrium concen-
trations (in mg L—1) of the platinum ion adsorbed and remaining in solution,
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respectively. The free energy of adsorption, AG®°, was calculated from the follow-
ing relationship:

AG = AG° + RTIn K¢ (10)
At equilibrium, AG =0, thus:
AG°®° =-RTIn K¢ (11

where T is absolute temperature in Kelvin and R is the gas constant.
AH?° was calculated from the following equations:

AG®° = AH° = TAS (12
InK¢ = AS’/R— AH®/RT (13)
® 750C
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TABLE II. Langmuir constants for the adsorption of platinum ions at various temperatures

T/°C Rice hulls Lewatit TP 214

K /dm®*mgl  Qua/mggl RZ K /dm*mg?! Quu/mggl R2
25 0.04 42.02 0.9989 0.06 33.22 0.9936
35 0.05 43.29 0.9938 0.06 37.17 0.9944
45 0.03 48.54 0.9974 0.05 50.51 0.9989

The enthalpy change, AH®, and the entropy change, AS°, were calculated
from the slope and from the intercept in linear plots of In K¢ vs. T-1 and are as
shownin Fig. 8.
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Fig. 8. In K vs. 1000/T for platinum on Lewatit TP 214 and rice hulls (30 mg sorbent, 60 min,
100 rpm, pH 1.5 and 5 mL of 200 ppm solution).

The values of the thermodynamic parameters, AH°, AS’ and AG®, for the
platinum adsorption onto Lewatit TP 214 and the rice hulls were calculated using
Egs. (99<(13) and aregivenin Tablelll.

TABLE I1l. Thermodynamic constants for the adsorption of platinum ions at various tempera-
tures

T/K Rice hulls Lewatit TP 214
AG® AH° AS AG°® AH° AS
kJ mol-1 kJ mol-1 Jmol1 K1 kJ mol-1 kimol'l  JmollK-1
298 -0.60 4.65 17.6 -0.49 8.36 29.7
308 -0.79 -0.77
318 -0.95 -1.08
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As shown in Fig. 5, an increase in the value of the adsorption percentage
with increasing temperature indicates the endothermic character of platinum
adsorption onto the sorbents. The value of AH>gg k for the platinum adsorption
onto the rice hulls and Lewatit TP 214 were calculated to be 4.65 and 8.36 kJ
mol—1, respectively. The negative values of the free energy of specific adsorption
AG° for the adsorption of platinum onto the sorbents, as shown in Table IlI,
indicate that the process is spontaneous.34 The value of AG® becomes more
negative as the temperature increases, indicating an increasing driving force
toward equilibrium, thereby resulting in a greater adsorption percentage at higher
temperatures. The increase in the adsorption capacity of platinum onto the sor-
bents at higher temperature may be attributed to an enlargement of the pore size
or to increased activation of the adsorbent surface. The greater extent of platinum
adsorption at higher temperatures becomes apparent in an increase in the mono-
layer capacity. The process can only occur spontaneously if the entropy of the
system increases and the value of TAS® become greater than the value of AH®,
yielding a negative value for the free energy of specific adsorption, AG®. The
adsorption of platinum onto the sorbents is accompanied by an increase in the
entropy of the overall system. The positive value of AS® indicates an increase in
the randomness at the solid/solution interface during the adsorption of the metal
ions onto the rice hulls and Lewatit TP 214. The results are in good agreement
with those of other base metal ions adsorbed onto Lewatit TP 21441 and rice
hulls.42

CONCLUSIONS

This study demonstrated that both the commercially available rice hulls, an
agricultural waste by-product, and Lewatit TP 214 can be effective for the
adsorption of platinum ions from aqueous solutions. Equilibrium adsorption data
were well fitted by the Langmuir model. The maximum monolayer adsorption
capacities, Qmax, a 25 °C of platinum ions onto rice hulls and Lewatit TP 214
were found to be 42.02 and 33.22 mg g1, respectively. Adsorption of platinum
ions followed the pseudo-second-order rate equation, with a correlation coeffi-
cient of 0.99, rather than the pseudo-first-order rate equation. The kinetic rate of
pseudo-second-order, ko, using 30 mg sorbent at 25 °C was found to be 0.0289
and 0.0039 g min—1 mg-1 for the rice hulls and Lewatit TP 214, respectively. The
enthalpy change AH>9g k and the entropy change AS’»>gg k for this adsorption
process for the rice hulls were cal culated to be 4.65 kJ mol—L and 17.6 Jmol—1 K1,
respectively, and the same quantities were calculated for Lewatit TP 214 to be
8.36 kJ mol~1 and 29.7 J mol—1 K-1, respectively. Thus, the adsorption process
was found to be endothermic.

This study demonstrates that platinum adsorption can successfully be achieved
using rice hulls, which are abundantly available in Turkey, as an alternative to
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more costly materials for the treatment of waste solutions containing heavy metal
ions. These promising results suggest that platinum containing waste solutions,
such as catalytic converter leach solutions, seasoned platinum plating solutions,
anode slime solutions, etc. can be successfully treated with rice hulls. Best of all,
this method does not involve the using of any chemicals, hence it does not
generate any hazardous byproducts.

Acknowledgement. The authors thank the Istanbul Technical University, Turkey, for their
financial support.

H3BOI

AIICOPITOUJA ITIVIATUHE HA JbYCKAMA ITMPUHYA U LEWATIT-Y TP 214 U3
PACTBOPA XJIOPOIUVTATUHCKE KHCEJTMHE

M. H. MORCALI, B. ZEYTUNCU u O. YUCEL

Istanbul Technical University, Faculty of Chemical and Metallurgical Engineering,
Maslak, 34469, Istanbul, Turkey

Jbycke mupuHYa, OTHamHa OWomaca, ¥ Lewatit TP 214, THocemMuxapdasumHu COpOEHT,
UCNUTHBAHU Cy Kao afcopOeHTH 3a apgcopnuyjy miatiae(IV) us pasdnaxkeHor pacroBapa X/0-
POIIATUHCKE KUCeIHHe. Jbycke NUpHHYA Cy OKapaKTepucaHe METOJNOM OMeTeHe TOTalHe
pednexcuje ca Pypujeosom tpaHchopmanujom (ATR-FTIR). McnuTHBaHu Cy [ETa/bHO YTH-
Llaju paslMuMTHX afCOPILMOHHUX MapaMeTapa: Jo3e COpOeHTa, BpEMEHA KOHTAKTa, TeMIepa-
Type u pH pactBopa Ha mnponenar apcopnudje. Ilomauu mobHjeHM NpU anCOPILKUOHO]j
paBHOTEXHU cy Hajbosbe hUTOBAaHH JIaHTMUPOBUM MOJIEJIOM M30TepMe. MakCHMalHU Kanalu-
TeTH MOHOCNOja, Qmax, Ha 25 °C cy 6umu 42,02 u 33,22 mg ¢! 3a mycke nupunya u Lewatit
TP 214, pegom. TepMoAYHAMHUUKH NTPOPAYyHH Y KOjUMa Cy KOpUITheHE U3MEPEHE BPEAHOCTH
3a AH®°, AS° u AG® ykasyjy fa je agCOpNLHOHM IIPOLEC CIOHTaH U ersorepmaH. Mcnutusane
Cy jemHauuHe 3a Op3MHE NMCEYA0-TPBOT pefa U INCeyAo-Ipyror peaa; afcopiiyja joHa IIaTuHe
Ha oDa anmcopbeHTa je omMcaHa KWHETHUKUM MOZEIOM TMceymo-mpyror pena. KoHcraHTa
Opsune, k,, npu kopumherwy 30 mg copdenra Ha 25 °C je 6una 0,0289 u 0,0039 ¢ min"! mg™!
3a Jbycke nupuHYa U Lewatit TP 214, penom. Pesynratu ykasyjy na ce jbycke MUPUHYA MOTY
YCIELUIHO KOPUCTUTH 3a YKIambate IJIaTHHE U3 BOAEHUX PacTBOpa.

(ITpumsbeHo 12. centemdpa, peBunupaHo 1. neuemdpa 2012)

REFERENCES

. A.Wolowicz, Z. Hubicki, Chem. Eng. J. 197 (2012) 439

. S. Aktas, M. H. Morcdi, Trans. Nonferrous Met. Soc. China 21 (2011) 2554

. A. Netzer, D. E. Hughes, Water Res. 18 (1984) 927

. W.S.W. Ngah, C. S. Endud, R. Mayanar, React. Funct. Polym. 50 (2002) 181
K. Wang, B. Xing, Chemosphere 48 (2001) 665

K. H. C. Keith, M. Gordon, Chemosphere 60 (2005) 1141

K. C. Cheung, T. H. Venkitachalam, Chemosphere 41 (2000) 243

M. Rao, A. V. Parwate, A. G. Bhole, Waste Manag. 22 (2002) 821

E. Yildiz, Sep. Purif. Technol. 35 (2004) 241

. C. A. Gray, A. P. Schwab, Water, Air, Soil Pollut. 69 (1993) 309

E. Guibd, T. Vincent, A. Larkin, J. M. Tobin, Ind. Eng. Chem. Res. 38 (1999) 4011

1
1

POO0o~NOUITA®WNE

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS




826 MORCALI, ZEYTUNCU and YUCEL

12. O. N. Kononova, T. A. Leyman, A. M. Mdnikov, D. M. Kashirin, M. M. Tselukovskaya,
Hydrometallurgy 100 (2010) 161

13. S Aktas, M. H. Morcdli, Int. J. Miner. Process. 101 (2011) 63

14. R. Chand, T. Watari, K. Inoue, H. Kawakita, H. N. Luitel, D. Pargjuli, T. Torikai, M. Yada,
Miner. Eng. 22 (2009) 1277

15. N. Thinakaran, P. Baskaralingam, M. Pulikes, P. Panneerselvam, S. Sivanesan, J. Hazard.
Mater.151 (2008) 316

16. L. C. Romero, A. Bonomo, E. E. Gonzo, Adsorpt. ci. Technol. 21 (2001) 617

17. Y.Bulut, Z. Tez, J. Hazard. Mater.139 (2007) 35

18. A. Ozer, G. Dursun, J. Hazard. Mater.146 (2007) 262

19. M. Vdix, W. H. Cheung, G. McKay, Chemosphere 56 (2006) 493

20. C. Namasivayam, R. Radhika, S. Suba, Waste Manag. 21 (2001) 381

21. F. Banat, S. Al-Asheh, L. Al-Makhadmeh, Process Biochem. 39 (2003) 193

22. A.Hashem, A. A. Aly, A. S Aly, A. Hebeish, Polym.-Plast. Technol. Eng. 45 (2006) 389

23. S.Rgeshwari, C. Namasivayam, K. Kadirvelu, Waste Manag. 21 (2001) 105

24. T. Robinson, B. Chandran, P. Nigam, Environ. Int. 28 (2002) 29

25. M. M. Mohamed, J. Calloid Interface Sci. 272 (2004) 28

26. R.L.Tseng, F. C. Wu, R. S. Juang, Carbon 41 (2003) 487

27. A.Mokhtar, Y. L. Nargess, M. M. Niyaz, S. T. Nooshin, J. Hazard. Mater.135 (2006) 171

28. J. Téth, Adsorption: Theory, Modedling and Analysis, Marcel Dekker, New York, USA, 2001,
p. 251

29. D. M. Ruthven, Principles of Adsorption and Adsorption Processes, Wiley—Interscience,
New York, USA, 1984, p. 177

30. C.Tasdelen, S. Aktas, E. Acma, Y. Guvenilir, Hydrometallurgy 96 (2009) 253

31. D. Ozcimen, A. Ersoy-Merichoyu, Adsorpt. Sci. Technol. 28 (2010) 327

32. Y. S Ho, G. McKay, Chem. Eng. J. 70 (1998) 115

33. R. G. Pearson, Chemical Hardness, Wiley—VCH, Weinheim, Germany, 1997, p. 43

34. G.Hussain, M. A. Khan, J. Chem. Soc. Pak. 33 (2011) 317

35. L. Zhou, J. Xua, X. Lianga, Z. Liub, J. Hazard. Mater. 182 (2010) 518

36. H. M. F. Freundlich, J. Phys. Chem. 57 (1906) 385

37. S'Y.Liy,J Gao,Y.J Yang, Y.C. Yang, Z. X. Ye, J. Hazard. Mater. 173 (2010) 558

38. 1. Langmuir, J. Am. Chem. Soc. 40 (1918) 1361

39. H. Jaman, D. Chakraborty, P. Saha, Clean: Soil, Air, Water 37 (2009) 704

40. 1. Kula, M. Ugurlu, H. Kaleaoglu, A. Celik, Bioresour. Technol. 99 (2008) 492

41. S.W.Won, J. Park, J. Mao, Y. S. Yun, Bioresour. Technol. 102 (2011) 3888

42. S.Naeem, U. Zafar, A. Altaf, A. Inayat, J. Chem. Soc. Pak. 31 (2009) 379.

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




