Design and exploration of modified cyclone separator for improved yield of inhalable spray-dried cubosomal powder intended to be used in lung cancer treatment
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Abstract (300 word limit)
This research work aimed to study effect of cyclone design or dimensions on cyclone separator performance in bench-top spray-dryer for the production of inhalable spray-dried cubosomal powder. The different cyclone separators were designed by modifying five geometrical parameters, i.e., length of cyclone body (Lb), length of cyclone cone (Lc), Height (H) and Width (W) of inlet section, and gas/air exit diameter (De) of standard cyclone separator. Further, the designed cyclones were evaluated using Lapple's equations, i.e., number of effective turns (Ne), inlet velocity of air (Vi), pressure drop (∆P) and cut-point diameter (dpc). The modified cyclone (type XVII) with highest Ne, Vi, ∆P and lowest dpc was selected for preparation of powder in comparison to standard cyclone (type I). Further, the Design of experiment (Taguchi design) and Signal to Noise (S/N) ratio were employed to evaluate the effect of formulation parameters (GMO: P407 ratio, PEG200 content, stirring temperature, stirring speed, stirring duration, mannitol: Leucine ratio), spray-drying process parameter (inlet temperature, outlet temperature, aspirator flow rate) and cyclone separator design (type I and XVII) on percentages of device removal efficiency (DRE), aerosolization efficiency (AE), fine particle fraction (FPF) and yield of cubosomal powder. Experimental results indicated that modified cyclone has significantly improved the yield of powder with insignificantly increasing the ∆P. The optimized spray-dried powder possesses sufficient geometrical standard diameter (dG) (3.9 ± 0.25 µm) & mass median aerodynamic diameter (dA) (2.04 ± 0.15 µm) to deliver formulation to deeper lung tissues. It was found that modified cyclone was advantageous over standard one in increasing 1.8 folds yield with DRE, AE and FPF of 94.2%, 52.2%, and 63.8% respectively. Overall, this improvement in powder yield with desirable aerosolization properties will be beneficial in early-stage research and development involving bench-top spray-dryer.
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