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Abstract

Rapid Expansion of Supercritical Solution (RESS) isa recently developed
micronization technique in pharmaceutical industries. The mathematical process model
was developed to consider solubility Doxorubicin (DOX) in supercritical carbon
dioxide with methanol as a modified co-solvent and particle formation. Group
Contribution with Association Equation of State (GCA-E0S) is used to predict the
solubility of DOX because of the complex of molecular structures. The additional 3, 4,
and 5 mole percentage of methanol were mixed into pure supercritical carbon dioxide.
The solubility of DOX was determined at the extraction temperature and pressure range
of 308.15 — 323.15 K, and 80 — 300 bar due to the limitation of DOX degradation
temperature and GCA-EoS model. Results from the mathematical model indicated that
the solubility of DOX in modified co-solvent is much higher than that in pure
supercritical carbon dioxide. For the particle formation section, the mathematical model
of flow field in expansion section consists of mass, momentum, and energy balance
correlated to an extended generalized Bender equation of state (egB-EoS). The flow was
assumed to be steady state, one-dimensional, and adiabatic. In addition, the assumption
of flow model considered only the solvent phase as a vapor phase of mixed carbon
dioxide and methanol. The model considers the effect of pre-expansion temperature
(333.13 — 343.15 K), pre-expansion pressure (175 — 225 bar), and co-solvent
concentration (3 — 5 mole percentage of methanol) which are chosen from extraction
condition. However, the pre-expansion temperature should be higher than the extraction
temperature in order to prevent phase changes of the solution and plugging due to
precipitation along the capillary nozzle region. The results show that particle formation
mainly occurs in supersonic free jet. The results of 338.15 K, 200 bar, and 3 percentage
mole of methanol indicate that the nucleation rate of DOX is about 10** particles/cm?s,
whereas the number of concentration of critical nuclei is about 10% particles/cm® with
the nanometer scale of particle at approximately 1.7 nanometer.
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