
  We have related material and process properties to process performance (drop 
formation) 

  An increase in surface tension requires an increase in velocity 
  We have derived an expression for estimating the aggregation rate occurring in 
the process (suspension stability) 

  Dependent on particle size and concentration as well as capillary diameter 

  Drop on demand describes printing technologies that produce drops 
only when needed 

  Applications of inkjet printing include: 

  Monochromatic and color printing on flat substrate 

  Textile printing 

  Fabrication of ceramic structures 

  Biomedicine 

  Microdosing of pharmaceutical solutions and suspensions would use 
drop on demand technology 

  Potential applications include: 

  Routine manufacturing 

  Clinical supply manufacturing 

  Polypharmacy/combination therapies 

  Personalized medicine 

  However, not all pharmaceutical formulations are suitable for 
microdosing. 

  Pharmaceutical solutions and suspensions designed for microdosing 
must consider additional formulation parameters 
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  We can describe the drop formation in terms of: 

  Material Properties 
  Viscosity 
  Density 
  Surface Tension 
  Drop Diameter 

  Process Properties 
  Flow Rate 
  Capillary Diameter 

  All microdosing processes have the        
following common elements: 

  Fluid Reservoir 
  Supply Line 
  Microdispensing Device 

  To be suitable for microdosing: 
  Formation of drops must be 

possible 
  Suspension must be stable 

  Drop formation ability is determine by 
considering microdispensing device 

  Suspension stability is determined by 
considering the supply line 

 Schematic of a 
general microdosing 

setup 

A drop forms when gravity and the kinetic force balance the surface 
tension 

  where V is the volume of the drop, d is the diameter of the drop, u is 
the velocity of the fluid in the capillary 

  the drops are assumed to be spherical 

Includes all material 
properties 

Includes all 
process properties 

We can create a map of the critical velocity for various 
material and process properties 

The Ohnesorge number is inversely 
proportional to the Reynolds 

number 

We experimentally observe that the Oh number is inversely 
proportional to the Re number – as expected 

Substituting the collision frequency 
factor into the aggregation rate gives: 

Shear rate of laminar flow in cylindrical 
pipe: 

Average shear rate 
magnitude: 

Substituting average shear rate into 
aggregation rate gives: 

Rewriting in terms of Re 
gives: 

Here, µ is effective viscosity: 
φ is particle volume fraction and µ0 is viscosity 

of the suspending medium 

Substituting into aggregation rate 
equation: 

Writing in terms of particle volume 
fraction: 

We have expressed the rate of aggregation in terms of 
formulation parameters 
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Use DOE to determine 
critical process 

parameters 

  Goal:  Relate drop volume to controllable process parameters 
  This will be unique to each type of microdispensing technology 

  Here, we have taken the drop diameter to be equal to the capillary 
diameter as a first approximation 
  Fine-tuning of the drop diameter is possible 
  We can investigate this fine-tuning by considering specific 

microdispensing technologies 

Use response curves to 
determine relationship 

between process 
parameters and drop 
formation/drop size 

Define operating space 
and optimize drop 
formation/drop size 

Fluid 
Reservoir 

Supply Line 

Microdispensing 
Device 

Suspension flow through a capillary: 

Two competing phenomena: 

Particle – wall interactions Shear-induced phase segregation 

Smoluchowski’s theory for perikinetic flocculation: 
where α is the collision efficiency factor, β is the collision 
frequency factor, and N is the particle concentration 

In the presence of shear: 
where    is the shear rate and d is the particle 
diameter 

  As the suspension flows through the supply line, it experiences shear 
increasing the aggregation rate. 

  For a pharmaceutical suspension to be remain stable, the aggregation 
rate must be minimal. 

  Therefore, we can apply a constraint by defining a maximum allowable 
aggregation rate. 

where R is the maximum allowable aggregation rate 
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The same suspension 
was dispensed using 

each microdosing 
technology 

These results show an increase in variability with decreasing 
capillary size and therefore, increasing aggregation rate 

The same solution 
was dispensed using 
three microdosing 

technologies 
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Particle size and 
particle volume 

fraction have the 
largest effect on 
aggregation rate 


