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Abstract : lodopropyny!l butylcarbamate and climbazole as anti-dandruff agents widely used in cosmetics and phar-

maceutics were micronized using supercritical fluid. Supercritical carbon dioxide was selected due to relatively

low

critical temperature and critical pressure, lodopropynyl butylcarbamate and climbazole were chosen because of their

solubility in supercritical carbon dioxide. The rapid expansion of supercritical solution (RESS) experiments involved

investigations of the effect of pressure, temperature on particle size and morphology.
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1. Introduction

Many cosmetic and pharmaceutical drugs are in-
soluble or only slightly soluble in water. The drugs,
however, must be dissolved in water in order to be ab-
sorbed and to exert their effects. The bio-availability of
the drug, the percentage of the drug absorbed com-
pared to its initial dose, is limited by insolubility[1-3].
Micronization of the drug can be enhanced by drugs
dissolution rate in the biologic environment. Dissolution
rate is a function of solubility as well as particle surface
area wherein the surface area can be increased through
a reduction of particle size[4]. Several techniques are
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used to reduce particle size such as a crushing, grind~
ing, milling, spray drying, freeze drying and recrystalli-
zation of sclute particles from solutions by using liquid
anti-solvent. These conventional techniques, however,
have disadvantages such as thermal and chemical deg-
radation of products, broad particle size distribution.
large amounts of used solvent, and the related problems
of solvent disposal and solvent residues[1-3.5-7]. Because
of the aforementioned disadvantages, a reduction of
particle size using supercritical fluids has been studied.
Supercritical fluid processes have an advantage to pro-
duce solvent free production with narrow particle size
distributions, Especially, supercritical carbon dioxide
(scCOs) offers a non-flammable nontoxic process that
possesses low critical temperatures and pressures and
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an excellent solvent power applicable to many organic
compounds, Therefore, scCO; is often used as a clean
medium and has replaced traditional organic solvents
for various industrial applications[8].

Processes for particle formation using supercritical
fluids can be mainly divided into the following classes:
supercritical anti-solvent (SAS) particles from gas-sa-
turated solution (PGSS) rapid expansion of super-
critical solutions (RESS). In the SAS process, a super-
critical fluid issused as anti-solvent that must be mis-
cible with a solvent, and a solute must be not soluble
in scCOs2. A supercritical fluid is contacted with a sol-
ution to cause precipitation of the solutes dissolved ini-
tially in the solvent then loses its solubility for the sol-
ute and the solute is recrystallized from solution. The
SAS process has been used to recrystallize many prod-
ucts e.g. explosives, polymers and biopolymers, phar-
maceutical compounds, pigments and inorganic materials,
In the PGSS, the supercritical fluid is dissolved in a lig-
uid substrate or a solution of substrates and then the
solution is forced to expand through a nozzle which
causes the formation of solid particles. Recently, PGSS
has found applications in the paint and powder coating
manufacture industries, With the RESS process, the
supercritical fluid is used as the solvent and the solutes
are initially dissolved in the supercritical solvent. The
solution expands when passed through a nozzle. The
solute is recrystallized by gasification of the super-
critical fluid. The RESS process has been used to mi-
cronize such as polymers and biopolymer, Inorganic and
organic materials and pharmaceutical compounds[9].
(IPBC)
genated unsaturated carbamate with significant wide-

lodopropynyl butylcarbamate is a halo-
spread cosmetic and pharmaceutical applications such as
anti-dandruff agent[10,11], IPBC has been shown to be
active against Malassezia strains, yeasts that cause some
skin disorders (dermatitis, pruritus). IPBC is white crys-
talline powder and has poor solubility in water,
Climbazole, 1-(4-chlorophenoxy)-1-{1H-imidazol-1-yl)
-3,3-dimethyl-2-butanone, is a conazole fungicide that
has been shown to be active against Malassezia strains,
veasts that cause some skin disorders (dermatitis, pruri-
tus). Climbazole has been used with significant wide-
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spread cosmetic and pharmaceutical applications such as
anti-dandruff agent[12,13] and anti-itching agent[14].

Solubility information is crucial for choosing a super-
critical fluid processes for particle design. If the solute
is soluble in the supercritical fluid, the RESS process is
considered, however, if the solute is not soluble in the
fluid,
Furthermore, precise solubility data is important for the

supercritical an SAS process is preferred,
designing of the RESS process experiment condition. In
previous studies[15,16], Solubility of IPBC and climba-
zole was measured with static method in the pressure
range from 10 to 40 MPa and at temperatures equal to
313.2. 323.2, and 333.2 K and successfully correlated the
phase equilibria with a quasi-chemical nonrandom lat-
tice fluid (QLF) modell17-19].

In this study, IPBC and climbazole were micronized
using supercritical fluid. Supercritical carbon dioxide
was chosen due to relatively low critical temperature
and critical pressure. Since this drug was soluble in the
supercritical carbon dioxide, the RESS process was
used. The RESS experiments involved investigations of
the effect of pressure, temperature on particle size and

morphology.

2. Materials and Methods

2.1. Materials

Carbon dioxide (min. 995 %) was supplied from
Korea Industrial Gases (Korea). IPBC (min. 97.0 %)
and climbazole (min. 97.0 %) were supplied by SPC Co.
Ltd. (Korea) and Bayer AG (Germany), respectively.
These materials were used without further purification.

2.2. RESS Experiment

A schematic diagram of the experimental apparatus
used for the RESS process is shown in Figure 1. The
apparatus mainly consists of a COz supplying system, a
pressure system, a dissolution vessel, an expansion sys-
tem and an expansion chamber in which the particle
are collected. CO; is supplied from a gas cylinder and
the gaseous CO; liquefied through a cooler (Jeio Tech.
Co. Ltd., Korea) set to -10 C. CO; was pressured by
a diaphragm metering pump (Pulsafeeder Inc., USA).
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Figure 1. Schematic diagram of RESS apparatus, 1: dissolution vessel, 2: magnetic bar, 3: filter (0.5 um), 4: pre-heater,
5: air bath, 6: expansion chamber, 7: nozzle, 8 pump, 9° back pressure regulator, 10: circulating bath, 110 CO; cylinder,

A back pressure regulator (Tescom Corp., USA) was
installed after the pump exit. After the pressured CO;
passed through the back pressure regulator, it was de-
livered to the dissolution vessel. Prior to entering the
dissolution vessel, the COz passed through a pre-heater
to minimize temperature difference of the injected CO»
and the interior of the dissolution vessel. The temper-
ature of solution in dissolution vessel was controlled by
thermostatic circulating water in the jacket using a re-
frigerated circulating bath. System temperature was
measured by a K-type thermocouple. The magnetic bar
was used to accelerate the dissolution rate of the drug.
A metal fritted filter was installed between the dis-
solution vessel and the valve so that only drug dis-
solved was passed through the filter. Once scCO2 was
saturated with the drug, the valve was opened to spray
the solution into the expansion chamber through a la-
ser-drilled orifice nozzle with a hole. The nozzle used in
this study was made of stainless steel 316 (150 pum
thick and 9 mm outer diameter) and has inner diame-
ters of 30 ym. The nozzle was heated using a heating
tape. When the supercritical solutions were depressur-
ized through the nozzle to ambient conditions, they rap-
idly expanded and the solute was recrystallized. Solutes

were collected in the chamber. An expanded CO2 was
vented off through a filter paper which was located at
the bottom of the chamber,

2.3. Particle Analysis

Particle size and particle size distribution were ana-
lyzed directly in the laser diffraction beam as an aero-
solized dry powder using RODOS dry powder accessory
{Sympatec Gmbh, Germany). The measuring range of
particle size was from 0.1 to 35 ym. Particle morphol-
ogy was analyzed by SEM (JEOL, Japan). The par-
ticles were initially spread on a carbon tape glued to an
aluminum stub and coated with a silver to make the
particle surface conductive to electrons by SEM,
Particles were observed by SEM and the micrographs
were taken and recorded.

3. Results and Discussion

The RESS experiments were carried out to inves-
tigate the effect of exiraction pressure and temperature
on the size and morphology of IPBC and climbazole
particles obtained by the RESS process. The ex-
perimental conditions and results are reported in Tables
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Table 1. RESS Experiment Conditions and Results for IPBC Table 2. RESS Experiment Conditions and Results for Climbazole

Average particle size Average particle size

Runno. T (K) P (MPa) Runno. T (K) P (MPa)

x 50 (um) x 50 (um)
Raw - - 287 Raw 295
1 313.15 15.0 2.15 1 31315 150 2.07
2 323.15 15.0 2.38 2 32315 15.0 212
3 333.15 15,0 3.28 3 333.15 15.0 3.06
4 31315 10.0 2.69 4 31315 10.0 2.65
5 313.15 20.0 201 5 31315 20.0 197

(a) IPBC » (b) Climbazole

Figure 2. SEM image of unprocessed IPBC and climbazole.
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(b) (c)
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(d)
Figure 3. SEM image of IPBC particles obtained by RESS at various temperature and pressure. (a): T = 313.15 K, P = 150

MPa, (b): T = 32315 K, P = 150 MPa, (¢): T = 33315 K, P = 150 MPa, (d): T = 31315 K, P = 100 MPa, (e): T
= 31315 K. P = 20.0 MPa.
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Figure 4. SEM image of climbazole particles obtained by RESS at various temperature and pressure, (a): T = 31315 K, P =
150 MPa, (b): T = 32315K, P = 150 MPa, (¢): T = 33315 K, P = 150 MPa, (d): T = 31315 K, P = 100 MPa, (¢): T =

31315 K, P = 200 MPa.

1 and 2. The extraction pressure and temperature were
determined according to the solubility data[15,16] ob-
tained for IPBC and climbazole in scCO. )
Figure 2 is a SEM image of the raw IPBC and
climbazole. The raw particles have a rectangular shape
with a rounded edge and a smooth surface. Average
particle size of the raw IPBC and climbazole were 235

and 95.7 um, respectively. The RESS processed par-

ticles of these drugs are irregular and polyhedral in
shape (Figure 3, 4). The average particles sizes of
processed particles are between 1.97 and 3.28 ym.

3.1. Effect of Temperature

The effect of temperature for IPBC and climbazole
was studied for the range of 313.15 to 333.15 K at 15.0
MPa. SEM images are shown in Figures 3 and 4. As
the extraction temperature increases the average par-
ticle sizes increase from 2.15 to 3.28 um for IPBC and
from 2.07 to 3.06 for climbazole. An increase of temper-
ature decreases the COs density and leads to a decrease
of a solvent power. As a result, a lower supersaturation

and lower nucleation are achievableed. Conseguently,
particle size incregses with temperature increases,
Further, an increase of temperature cause to increase
the solute’s vapor pressure leading to higher solution
concentration. The high concentration of the solution
brings about the increase of the particle size as a con-
sequence of the particle growth and coagulation among
the particles.

3.2. Effect of Extraction Pressure

The effect of extraction pressure for IPBC and clim-
bazole was investigated for the range of 10.0 to 20.0
MPa. SEM images of the particles obtained different
pressure given in Figure 3 and 4. Increasing in ex-
traction pressure resulted in decrease in the average
particle size from 2.69 to 2.01 ym for IPBC and from
2.65 to 1.97 um for climbazole.

The extraction pressure affects particle size in sev-
eral aspects. First, the higher the pressure, the higher
the solution concentration, this frequently leads to co-
agulation among particles, As a result, the particle size
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increases. Second, higher pressure leads to a higher
mass flow rate of the solution and causes reduced resi-
dence time in the nozzle., Consequently, time for par-
ticle growth will be decreased within a nozzle. Third,
the higher the pressure, the greater the solubility of the
drugs in scCOz since the COz densily increases as pres-
sure increases. The increase of the drugs in scCO:z sol-
ubility results in the greater the degree of super-
saturation and higher nucleation rate. The second and
third phenomena can lead to a decreased particle size,
Therefore, it can be explained that the second and
third phenomena can be dominant in this study.

4. Conclusion

Micronized IPBC and climbazole particles were suc-
cessfully prepared using the RESS process. We inves-
tigated the effect of pressure and temperature on par-
ticles in RESS process. As the extraction temperature
increases the average particle sizes increase from 2.15
to 328 um for IPBC and from 207 to 3.06 for
climbazole. Increasing in extraction pressure resulted in
decrease in the average particle size from 2.69 to 2.01
um for IPBC and from 2.65 to 1.97 um for climbazole.
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