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ABSTRACT

Microencapsulation is a widely used technique m which a thin layer of a coating agent 1s deposited onto a
sohid/liquid/gas core. Currently, the technique faces two challenges: bemg solvent-free and being applicable for
coating particles smaller than 80 microns. An improved process for the production of polymeric microparticles using
various supercritical fluids (SCFs), especially supercritical Carbon Dioxide 1s rapidly emerging as a solution to these
problems. Role of SCF Technology n the production of Sustamed Release (SR) microparticles has been reviewed

here.
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I.INTRODUCTION

Supercritical fluid technology encompasses a
very broad field, which mcludes various reaction,
separation and material formation processes that utilize
a fluid at a temperature greater than its critical
temperature and a pressure greater than its critical
pressure. Supercritical fluids generally are compressed
gases, which combine properties of gases and liquids in
a chemically mteresting manner. Supercritical fluids have
physicochemical properties m between a liquid and a
gas. They can have a iquid-like density and no surface
tension while interacting with solid surfaces. They can
have gas-like low viscosity and high diffusivity and, like
a liquid, can easily dissolve many chemicals and
polymers. Critical temperature (T ) 1s the highest
temperature at which a gas can be converted to a liquid
by an increase in pressure. Critical pressure (P ) is the
highest pressure at which a liquid can be converted to a
traditional gas by an increase in the liquid
temperature(Martin,2006). The phase diagram of a
pure substance illustrating the supercritical region 1s
depicted in Fig. 1.
History of SCF Technology:

The observation of the supercritical phase was
first cited in 1822 by Cagniard de la Tour. In 1869,
Thomas Andrews(Randolph, 1985) first recognized the
presence of the critical pomt, which gave birth to a new
world of critical phenomena and supercritical fluid
science. Later in 1879, Hannay and Hogarth
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(Hammond,1985; Nakamura,1985) measured the
solubility of solid in supercritical fluid. In 1895,
Villard(Kamat,1995; Chulalaksananukul, 1993)
attempted to observe the changes in the color of I
dissolved m CO, when CO, passed through the critical
point. In 1937, Michels (Erickson, 1990) made precise
measurements of the state of CO, near the critical point.
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Fig. 1 Pressure—temperature phase diagram of a pure

component indicating the supercritical region.

In 1950s, the solubility of dense gases was a
lively topic both from the scientific and technological
points of view. Since then, detailed data on solubility
and thermodynamic quantities ot high density gases
including supercritical water have been accumulated
mainly from the practical mterests of chemical
engImeering.

In 1971, Zosel discovered that cafteme could
be removed from green cotffee beans in a reasonable
time at moderate temperatures using CO, as a
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supercritical solvent for extraction. Smce 1980s reviews

(Randolph, 1988;Nakamura, 1990) on the spectroscopy

and reactions in supercritical fluids have been published

both from the scientific and engmeering viewpoints.

Researchers in the field of chemical engineering made

an appreciable contribution to develop the physical

chemistry of supercritical fluid.

Pharmaceutical applications of SCF processing
came to fruition during the 1990s. The mitial goals were
to reduce drug particle size and to enhance a drug’s
dissolution rate and/or bioavailability. Subsequent reports
addressed the coprecipitation of a drug and a
biocompatible polymer. Currently, use of SCFs such as
CO, 1s proving to be environmentally benign and
economical, with the added advantage of reduced
residual solvents in both food and pharmaceutical
products(Aaron).

Microencapsulation Technology:

Microencapsulation i1s described as a process
of enclosmng micron-sized particles of solids or droplets
of liquids or gasses n an iert shell, which i turn isolates
and protects them from the external environment. This
technology 1s mamly used for the purpose of protection,
controlled release and compatibility of the core materials.
Microparticles have a variety of structures (Fig.2):
v Particles with irregular geometry composed of an

active substance informof aggregates or molecularly
dispersed solid embedded into a matrix. They are
called ‘microspheres’;

v Particles with spherical geometry composed of a core
of active substance surrounded by a solid polymeric
or proteic shell. They are called ‘mz’crogz;gzdes’.
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Fig. 2. Structure of the different microparticles.

Numerous preparation technologies available for
the encapsulation of core material have been
reported(Benita,1996;Arshady, 1999;Ranney, 1969). In
general, microencapsulation techniques are divided into
two basic groups, namely chemical and physical, with
the latter beng further subdivided mto physico-chemical
and physico-mechanical techniques. Some of the
important processes used for microencapsulation are
summarized m Table 1.
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Table 1. Different techniques used for
microencapsulation

Physical processes
Physico-chemical

Chemical processes
Physice-mechanical

» Suspension, dispersion ¢ Coacervation » Spray-drying

¢ Multiple nozzle spraying
(L-B-L) assembly ¢ Fluid-bed coating

¢ Sol-gel encapsulation ¢ Centrifugal techniques

e Supercritical CO,-asgisted o Vacuum encapsulation

and emulsion
polymerization
¢ DPolycondensation

e Layer-by-layer

microencapsulation * Electrostatic encapsulation

The present article deals with applications of SCF
technology m Microencapsulation.

Fundamentals of SCF Technology:
SCF Selection

Supercritical fluids are highly compressed
gasses that possess several advantageous properties of
both liquids and gases. These thuids have attracted much
attention in recent years, the most widely used being
supercritical CO,, alkanes (C, to C,) and mitrous oxide
(N,O). They have low hydrocarbon-like solubility for
most solutes and are muscible with common gases such
as hydrogen (H,) and nitrogen (N, ). A small change n
temperature or pressure causes a large change i the
density of supercritical fluids near the critical point —a
property which enhances their use in several industrial
applications. Supercritical CO, is widely used for its
low critical temperature value, m addition to its nontoxic,
nonflammable properties; it 1s also readily available,
highly pure and cost-effective. It has found applications
n encapsulating active ingredients by polymers. Different
core materials such as pesticides, pigments,
pharmaceutical ingredients, vitamins, flavors and dyes
are encapsulated using this method(Ghader1, 2000;
L1u,2002;Chambon,2004).

Caretful SCF selection is important to reduce
processing time and to improve efficiency. However,
the choice is usually restricted by the desire of reasonable
critical parameter values and costs, chemical mertness,
low toxicity and little environmental impact.

SCF Processes

The general methods of particle production by SCF

technology fall in to 2 groups(Weber,2002;Jung,2001):

1. Expansion ofa supercritical solution containing a
solute

2. Precipitation of solute dissolved in an organic solvent
utilizing SCFs as antisolvents

The most common expansion methods are:

1. Rapid Expansion of Supercritical Solutions (RESS)

. Supercritical Fluid Nucleation (SFN)
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