Proceedings of the 8" Serbian-Croatian-Slovenian Symposium on Zeolites

ORGANOPHILLIPSITE AS POTENTIAL LOW COST ADSORBENT
FOR REMOVAL OF IBUPROFEN

Milica Spasojevi¢*, Aleksandra Dakovi¢*, George E. Rottinghaus?, Milena Obradovic®,
Danina Krajisnik®, Mariano Mercurio®, Danijela Smiljanic¢*
YInstitute for Technology of Nuclear and Other Mineral Raw Materials, Franse d’Epere 86, 11000 Belgrade,
Serbia
2\Veterinary Medical Diagnostic Laboratory, College of Veterinary Medicine, University of Missouri, Columbia,
MO 65211, USA
University of Belgrade, Department of Pharmaceutical Technology and Cosmetology, Faculty of Pharmacy,
Vojvode Stepe 450, 11221 Belgrade, Serbia
*Department of Science and Technologies, University of Sannio, Via dei Mulini 59/A, 82100 Benevento, Italy
E-mail: a.dakovic@itnms.ac.rs

ABSTRACT

Zeolite — phillipsite was modified with long chain organic surfactant —
hexadecyltrimethyl-ammonium bromide (HB). Two different amounts of HB were used to
modify the zeolitic surface (150 % and 200% of phillisite external exchange capacity -
ECEC). Adsorption of non-steroidal antiinflam matory drug — ibuprofen (IBU) was studied at
pH 7, at different initial drug concentrations. Adsorption increased with increasing the initial
drug concentrations as well as with increasing amounts of organic phase at the phillipsite
surface. From the Langmuir model, the maximum IBU adsorption capacity for phillipsite
modified with surfactant at 150 % of ECEC was 12.72 mg/g, while for organophillipsite
containing surfactant in amount of 200 % of ECEC, the maximum adsorption capacity was
18.25 mg/g.
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INTRODUCTION

Pharmaceuticals in the aquatic environment have attracted special attention as one of the
most significantgroups of pollutants. Commonly found pharmaceuticals are non-steroidal
antiinflammatory drugs (NSAIDs), antibiotics, B-blockers, and hormones. Non-steroidal
antiinflammatory drugs are usually used to treat human and animal diseases interms of
analgesic, antiinflammatory, and antipyretic actions. It was reported that conventional
wastewater treatment methods are not completely effective in eliminating and/or degrading
the majority of these pharmaceuticals. lbuprofen (IBU) (Figure 1) is a one of the most
common NSAIDs and due to its high consumption can be found in drinking water
atconcentrations up to 24.6ug/L, thus represents hazardous pollutantfor human health [1-4].

CHa
CHa COOH

HsC
Figure 1. Chemical structure of ibuprofen

Several methods have been applied for treatment of NSAIDs, among these adsorption
is one of the most common technique. Commonly used adsorbents are activated carbon, clay,
zeolite, mesoporous silica and carbon nanotubes. However, natural clays and zeolites are
hydrophillic and posses inorganic cations, thus they are effective in the removal of cationic
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pollutants and are less effective in binding anions or relatively non-polar molecules.
Incorporation of long chain organic cations, polymers or even magnetic particles have been
used to modify the natural minerals in order to increase their affinities for anions and organic
pollutants. The aim of this study is to prepare a composite adsorbent by modification of the
natural zeolite — phillipsite with cationic surfactant which will be capable of removing
ibuprofen from agueous solutions.

EXPERIMENTAL

The starting raw material was the Neapolitan Yellow Tuff (Campania, Italy) containing
mainly phillipsite (69.6 %) with smaller amounts of chabazite, analcime, pyroxene, K-
feldspar and an amorphous phase, based on the quantitative X-Ray Powder Diffraction
(XRPD) analysis.The cation exchange capacity (CEC) of phillipsite was 247 mmol M*/100 g,
while its external cation exchange capacity (ECEC) was 13 mmol M*/100 g [5]. Two
organophillipsites were prepared by treatment of the starting material with two levels of
hexadecyltrimethyl ammonium bromide equal to 150 and 200 % of the phillipsite ECEC
value. The procedure for preparation of the organophillipsites was described elsewhere [6].

Ibuprofen (IBU) was supplied from Sigma-Aldrich. A primary IBU stock solution (1000
mg/L) was prepared in methanol, while test solutions for adsorption studies were prepared by
adding appropriate amounts of methanol stock solution to 10 mL of 0.1 M phosphate buffer
adjusted to pH 7. For the determination of adsorption isotherms for the two organophillipsites,
5 mg of each adsorbent was treated with 10 mL of buffer solution containing different IBU
initial concentrations (2 - 20 mg/L). All experiments were done in duplicate. Controls were
also prepared by addition of 10 mL of buffer solution and 5 mg of each adsorbent. Tubes were
shaken for 30 min and after that centrifuged at 13000 rpm for 2 min. Supernatants were kept
for HPLC analyses. An aliquot of the original buffered IBU test solution was used as the
HPLC standard. HPLC analyses were performed on a Hitachi L-7100 pump with a Hitachi L-
7200 autosampler, and UV detection with a Hitachi UV spectrophotometer (A= 220 nm). The
mobile phase was acetonitrile:water (65:35) with 2 mL of acetic acid. The mobile phase was
pumped at the flow rate of 1 mL/min. Data were recorded and processed by a Hitachi D-7000
data acquisition package with Concert Chrom software on a microcomputer. The amount of
IBU adsorbed was calculated from the difference between the initial and final 1BU
concentration in the supernatant.

RESULTS AND DISCUSSION

It is well known that long chain organic cations such as hexadecyltrimethyl-ammonium
(HB) cationic surfactant can only replace inorganic cations at the external surface of zeolite
(external cation exchange capacity - ECEC) and form a monolayer of surfactant at the zeolitic
surface. The monolayer at the zeolitic surface creates sites where relatively non-polar
molecules can be adsorbed. At surfactant concentrations above the ECEC of the zeolite, the
adsorbed organic cations usually form a bilayer at the external zeolitic surface. A bilayer of
surfactants creates sites suitable for adsorption of both organic molecules and anions [7].The
natural zeolite — phillipsite was modified with surfactant in amounts above the ECEC value
(150 and 200 % of ECEC), thus bilayer probably exists at the phillipsite surface. Based on the
structure (Figure 1) and physico-chemical characteristics, IBU is relatively non-polar
molecule with low solubility in water. Its dissociation constant (pKa = 4.4) suggests that at
pH 7, at which adsorption experiments were done,exists in anionic form.

Ibuprofen adsorption isotherms are presented at Figure 2 and model parameters are
given in Table 1. It can be observed that adsorption of IBU by the two surfactant modified
zeolites increased with increasing of the initial IBU concentration. Adsorption of IBU by
both organophillipsites followed non-linear isotherms at pH 7. The experimental data were
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fitted to the Langmuir and Freundlich models and a good correlation was obtained for both
models. From the Langmuir model, the maximum adsorption capacity for phillipsite modified
with surfactant in amount of 150 % of ECEC was 12.72 mg/g, while for organophillipsite
containing surfactant in amount of 200 % of ECEC, the maximum adsorption capacity was
18.25 mg/g.
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Figure 2.1buprofen adsorption by organophillipsitesPHB-150 and PHB-200.
Table 1. Characteristic parameters of adsorption isotherms.
pH 7
Langmuir Freundlich
Om KL 2 n Kr 2
(mg/g) (L/mg) (L/mg)
PHB-150 12.72 0.165 0.990 2.026 2471 0.966
PHB-200 18.25 0.084 0.974 1.592 1.918 0.973

Adsorption of IBU increased with increasing amounts of HB at the phillipsite surface,
suggesting that organic cations are the active sites onto with drug is adsorbed. From the
Freundlich model, K¢ values for the two samples were between 1.92 and 2.47 L/mg. The
values of n for the two organophillipsites changed from 1.59 for the sample containing the
lower amount of HB to 2.02 for the zeolite with the higher amount of HB. These values are
greater than unity, indicating that 1BU is preferentially adsorbed by both organophillipsites.
Usually, if hydrophobic interactions (partitioning) between relatively non-polar organic
contaminants and the non-polar part of a surfactants occurred, linear isotherms are obtained.
Since a bilayer of surfactants was probably formed at the phillipsite surface and IBU at pH 7
exists in anionic form, non linear adsorption isotherms suggest that specific adsorption
interactions between IBU anion and HB ions together with partitioning take place
simultaneously.
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CONCLUSION

Organophillipsites were obtained by treatment of the natural zeolite — phillipsite with
two levels of surfactant — hexadecyltrimethyl ammonium bromide (HB). The amounts of
surfactant were above the external cation exchange capacity (ECEC) of phillipsite (150 % and
200 % of ECEC). Adsorption of ibuprofen was studied at different initial drug concentrations
at pH 7. Adsorption of the drug increased with increasing of the initial concentration and with
increasing amounts of surfactant at the zeolitic surface. High adsorption of ibuprofen by
obtained organophillisites suggested that these materials may be effective for removal of this
drug from contaminated water.
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