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Graphical Abstract 

 

Abstract 

Halloysite nanoclays (HNT) are naturally occurring aluminosilicates belonging to the kaolin group. They have 

a high length-to-diameter ratio and a cylindrical morphology with the inner lumen. The biocompatibility, high 

surface area, cytocompatibility, and adsorption capacity makes HNT a suitable carrier for many active 

pharmaceutical ingredients (APIs). Currently, the loading of APIs onto HNT is performed through mechanical 

methods. These methods are less scalable and require copious quantities of chemicals and solvents. 

Alternatively, dense gas processing can be used to load APIs into HNT in a greener way. Dense gas processing 

encompasses advanced eco-friendly formulation techniques employing subcritical and supercritical carbon-
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 dioxide, suitable for producing pharmaceutical formulations. They are scalable, consume less or no harmful 

chemicals and solvents, and produce less or no toxic residue. In this work, the encapsulation of 5-Fluorouracil 

(5FU), a principle drug for colorectal cancer treatment, onto HNT was performed using a conventional 

mechanical process and two dense gas processes. The Gas Antisolvent (GAS) process and novel Atomized 

rapid injection for solvent extraction (ARISE) process were employed to encapsulate 5FU in HNT. The 

comparison in effective loading between the conventional and dense gas methods are reported in this study. 

The HNT-5 FU suspension was expanded with the inclusion of dense CO2 (120 bar, and 110 bar, 25 °C) inside 

a pressure chamber, and the drug loading was determined for different HNT-5FU mass ratios. 

Thermogravimetric analysis, Scanning Electron Microscopy, Transmission Electron Microscopy, and X-ray 

diffraction analysis were performed to characterize the product. The results revealed a high loading of 43% 

achieved with the GAS process, followed by 17.5 % in ARISE. At the same time, mechanical loading reached 

only 4.5% loading capacity. The effectiveness of the dense gas processing in encapsulating 5FU in HNT is 

superior to mechanical loading, opening new routes to produce micro/nano-drug delivery systems suitable for 

large scale production. 
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