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Experiment on Freeze-drying of Instant Coffee with Initial Porosity

WANG Wei' LI Qianggiang' CHEN Guohua® LI Hengle' YANG Jing' ZHANG Shuo'
(1. School of Chemical Machinery and Safety, Dalian University of Technology, Dalian 116024, China
2. Department of Mechanical Engineering, The Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong Kong, China)

Abstract: In order to decrease the freeze-drying time and reduce the process energy consumption, frozen
coffee materials with prefabricated porosity were prepared and freeze-dried to explore its influence on
freeze-drying experimentally. Instant coffee was selected as the solute in aqueous solution. Results
showed that freeze-drying can be remarkably enhanced with the initially unsaturated frozen material
compared with the traditionally saturated one. SEM images of dried products revealed that the initial
unsaturated material had the spherical and uniformed porous structure, which was favorable to migration
of sublimated vapor and improvement of the drying rate. Chamber pressure, which was ranged from 11 Pa
to 33 Pa, had little effect on the freeze-drying process and increasing ambient temperature can be
beneficial to the freeze-drying process. Combined heating can significantly reduce the drying time further.
When the temperature was above 45°C , the saturated material was found to collapse causing the failure of
freeze-drying. In contrast, the unsaturated one can bear higher operation temperature resulting in a
relatively high drying efficiency. The conventionally saturated material experiences the raising rate stage,
constant rate stage and falling rate stage during freeze-drying, while the unsaturated material was always
in the falling rate stage throughout the process. Freeze-drying of initially unsaturated material would
impose significant effect on the traditional freeze-drying process of agricultural products.

Key words: instant coffee; freeze-drying; initial porosity; experiment
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