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Abstract

A spray-valve-based sacrificial process and “water/ice” support materials were developed in

this study, based on the phase changes of water and low-temperature AM technology. The
process entails utilizing the three phases of water to effectively and rapidly generate support
structures that can also be efficiently removed completely after fabrication. Two scaffold
materials, polycaprolactone-based waterborne polyurethane and chitosan, were tested.
Moreover, ethanol or ethylene glycol was employed as the additive of pure water for facilitating
the removal of excess support materials during fabrication. To verify the proposed sacrificial
process, three complex and large scaffolds were fabricated, including a Y-type tubular scaffold,
a square scaffold with dual inverted T-type inner channels, and a three-layer tapered scaffold.
Results revealed that the properties of the printed complex structures were properly maintained

and the adhesion between the layers was firm enough to resist elastic deformation.
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