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How does impact velocity and liquid binder viscosity affect the penetration 
time of a liquid droplet into a powder bed for wet granulation?
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How do liquid binder properties affect the breakage 
rate of granules in high shear mixer granulation?
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Conclusions

𝑉0 = 𝐷𝑟𝑜𝑝 𝑉𝑜𝑙𝑢𝑚𝑒
𝜀 = 𝑃𝑜𝑤𝑑𝑒𝑟 𝐵𝑒𝑑 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦
𝑟𝑑𝑟𝑜𝑝 = 𝐷𝑟𝑜𝑝 𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑛 𝑃𝑜𝑤𝑑𝑒𝑟 𝑆𝑢𝑟𝑓𝑎𝑐𝑒

𝜇 = 𝐿𝑖𝑞𝑢𝑖𝑑 𝑉𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦
𝑃𝑐 = 𝐶𝑎𝑝𝑖𝑙𝑙𝑎𝑟𝑦 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒
𝜏𝐶𝐷𝐴 = 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒

• Lower viscosity binder resulted in tunneling mechanism; Penetration time decreases with higher impact velocity.
• Higher viscosity binder led to spreading over powder surface and crater formation; Opposite correlation observed.

• Liquid drops would initially bounce off the surface at higher viscosity/impact velocity.

Conclusions

• Liquid binder dropped at set heights
• Penetration time captured with high-speed camera
• Number of frames from first impact to full absorption

𝜌𝑔 = 𝐺𝑟𝑎𝑛𝑢𝑙𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦

𝑣𝑐 = 𝐼𝑚𝑝𝑎𝑐𝑡 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦
𝜎𝑝 = 𝐺𝑟𝑎𝑛𝑢𝑙𝑒 𝑌𝑖𝑒𝑙𝑑 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ

𝑆𝑡𝑑𝑒𝑓 = 𝑆𝑡𝑜𝑘𝑒𝑠 𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑁𝑢𝑚𝑏𝑒𝑟

• 20 granules placed into mixer bowl with carrier sand
• Number of surviving granules checked in 15 second 

increments for a total time of 1 minute
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Wet granulation is used widely for many 
applications, most notably the pharmaceutical 
industry. It is done typically to improve 
transportation properties and production efficiency.

Breakage of particles allows for better dispersion 
of a liquid binder and limits maximum particle 
size. Controlling the rate of breakage allows for a 
more efficient process design.
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• Breakage rate depends on liquid, powder, and equipment properties, not just viscosity.
• Breakage rates follow trend lines at 𝑆𝑡𝑑𝑒𝑓 = 0.02 and 𝑆𝑡𝑑𝑒𝑓 = 0.2 with some outliers.
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