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abstract

The encapsulation and delivery of drugs often involves the use of expensive microporous materials, 
and we have investigated the potential for natural zeolites from the widespread volcanic formations of 
southern Italy as alternatives to these carriers. Surface-modified natural zeolites (SMNZs) with diverse 
micellar structures (patchy and complete bilayers) were obtained by using different cationic surfactants 
[cetylpyridinium chloride (CP-Cl), benzalkonium chloride (BC-Cl), hexadecyltrimethylammonium 
chloride (HDTMA-Cl), and bromide (HDTMA-Br) with phillipsite-rich tuff from the Campania re-
gion (southern Italy)]. Loading and release kinetics tests of sodium ibuprofen (IBU) were carried out 
with organo-phillipsite composites using Fourier transform infrared spectroscopy (FTIR) and thermal 
analysis coupled with evolved gas analysis (EGA). Results from these tests were mathematically mod-
eled to evaluate IBU adsorption and release mechanisms. 

The maximum loaded amount of IBU was attained for organo-phillipsite modified with HDTMA-
Br (PHB), which showed a complete bilayer micellar structure. Whenever a patchy bilayer micellar 
structure formed, the lowest adsorptions of IBU were observed. Equilibrium adsorption results were fit 
using Langmuir, Sips, and Toth models. Pseudo-first-order and pseudo-second-order fits to the loading 
kinetic data provided significant goodness of fit. Good fits to the release kinetic data were obtained 
using first-order and Weibull equations, shedding new light on the release mechanism of IBU from 
phillipsite. The active amount of IBU on the modified zeolite surface was almost totally available for 
pharmaceutical purposes.
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introduction

Recent research has demonstrated that natural and surface-
modified zeolites containing cationic surfactants are selective 
toward some pharmacological molecules (i.e., diclofenac sodium, 
diclofenac diethylamine, and ibuprofen). Available data suggest 
that zeolites represent a low cost and easily accessible natural 
excipient that can be used in biomedicine as carriers for drug de-
livery (Cerri et al. 2004, 2016; Krajišnik et al. 2010a, 2010b, 2011, 
2013a, 2013b, 2015; Cappelletti et al. 2017; de Gennaro et al. 2015, 
2016; Janićijević et al. 2015; Marković et al. 2016, 2017; Pasquino 
et al. 2016; Serri et al. 2016, 2017). Based on the premise that 
such natural carriers are non-toxic (Mercurio et al. 2012, 2016b; 
Krajišnik et al. 2013b; Cerri et al. 2016), several aspects of their 
performance should be clarified before modified zeolites can be 
used on an industrial scale. To evaluate their functional therapeutic 

performance, it is particularly important to expand the data for a 
breadth of different systems such as zeolite vs. surfactant vs. active 
substance. Careful evaluation of loading and release performances 
under controlled conditions is also required (Krajišnik et al. 2010a, 
2010b, 2011, 2013a, 2013b, 2015; de Gennaro et al. 2015, 2016, 
2017; Janićijević et al. 2015; Marković et al. 2016, 2017; Pasquino 
et al. 2016; Serri et al. 2016, 2017; Izzo et al. 2017). Several recent 
studies have documented the efficacy of zeolites as pharmacologi-
cal carriers. Serri et al. (2017) demonstrated that granulate could 
be formed using a functionalized natural clinoptilolite, suitable 
for the release of sodium diclofenac. Krajišnik et al. (2016) dem-
onstrated that non-steroidal anti-inflammatory drugs (NSAID), 
for example IBU, benefit particularly from use with therapeutic 
devices providing prolonged release, such as clinoptilolite-rich 
carriers. For loading purposes, Krajišnik et al. (2016) used clino-
ptilolite modified with two surfactants (cetylpyridinium chloride 
and benzalkonium chloride) at different concentrations, and their 
results showed that different adsorbed amounts of IBU depended 
on the type and/or the amount of surfactant used to functionalize 
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