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Inkjet printing is already established as a useful technol-
ogy to the textile industry.  Not only is it important in tex-
tile printing, but also has potential for creating high-value 
textiles such as e-textiles.  Broad utilization of this flexible 
method faces a number of barriers, springing from the re-
quirement that “inks” in a growing number of textile appli-
cations contain solid particles which may serve as colorant 
or binder, but may also be ceramic or metallic particles in 
other applications.  We will expand the scientific knowl-
edge base critical for textile inkjet technology and will pro-
vide a foundation for rational design and advancement of 
the inkjet technology in textiles.  Economic benefits are ex-
pected to include creation of new and high-value markets, 
as well as optimization of the design process for specialty 
treatments in textiles.  
 

Based on prior studies (NTC projects C99-G08 and C02-
GT07), we have identified and begun the process of sur-
mounting technical hurdles in the technology, which come 
in two forms.  The first is in the dynamics of drop forma-
tion and drop impaction of solids-laden inks.  The second is 
the role of the surface morphology and surface chemistry 
encountered in textile materials.  Currently, we are utilizing 
this foundation to guide characterization of these processes 
at the very small-scale and high speed typical of applica-
tion.  We will also develop a model incorporating the mate-
rial properties for deposition of complex mixtures by the 
inkjet method.  The approach to characterize and model the 
phenomena associated with inkjet deposition to textiles in-
volves a detailed experimental study based on image analy-
sis to determine the drop formation behavior from complex 
particle-laden liquids, and to analyze the drop impact and 
spreading. 
Dynamics of Inkjet Drop Formation 

Drop-on-demand (DOD) inkjet printing is considered to 
be an efficient approach for depositing picoliter (10-12 liter) 
drops on various targets. It is compatible with various liq-
uids and is a non-contact ink delivery method. Drop forma-
tion and impaction on the substrate are important because 
they significantly affect the final state of the material on the 
substrate. Our experimental setup (C02-GT07) using high-
speed photography has successively been used to visualize 
the micro-motions involved in inkjet deposition. 
 

We have studied the DOD drop formation process for 
pure liquids and are currently extending our study to parti-
cle-laden liquids.  The formulation of high performance / 
high value-added treatments in the form of inks for textiles 
may affect deposition and ink-substrate interaction.  Char-
acterization of the effects of the solids-laden inks on drop 
formation and substrate interaction is crucial to utilization.  
Since inkjet inks are subjected to very high shear rates in 
DOD inkjet printing, the characterization of high material 
loading inkjet inks using apparent shear viscosity measured 
at low shear rates, which is done in both academy and      

industry, may not be appropriate. 
Since no experimental data on shear viscosity at high 

shear rates (up to 105 s-1) typically found in DOD inkjet 
printheads was found in the literature, one of the goals of 
this research is to investigate the shear rate dependency of 
shear viscosity of pigmented inkjet inks.  A capillary 
rheometer has been designed, constructed and used to 
measure shear viscosity for shear rate ranging from 103 to 
2×105 s-1. 

The viscosity of samples measured using the capillary 
viscometer is shown in the figure below.  The results reveal 
that surface-modified-carbon-black pigmented water-based 
inkjet ink samples exhibit Newtonian behavior at low shear 
rates, a pseudo-plastic one in the middle shear rate range, 
and a second Newtonian plateau at very high shear rates.  
Although the three samples have almost the same shear vis-
cosity (∼ 6.4 cP) at low shear rates, at shear rate of       
2×105 s-1, the shear viscosities of the two particle-laden inks 
drop to about 5.7 and 3.5 cP.  The shear-thinning behavior 
observed for the particle-laden inks is attributed to the 
structure breakdown of agglomerates in the inkjet ink sam-
ples due to strong hydrodynamic motion. 
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Shear viscosity of inkjet ink as a function of shear rate 
at 22°C (fitting curves are obtained with a generalized 
Cross equation). 

Drop Impaction  
In our previous NTC research project we studied pure-

liquid, millimeter drops impacting smooth surfaces as well 
as a rough, textile-like surface.  It provided the required 
background for ongoing research of the effect of particles 
on the impaction process for micron drops. 

 

In the present work, we examined the characteristics of 
the micron-scale drop impaction process based on a series 
of comprehensive experiments and demonstrate the ability 
to resolve the dynamics of these small drops, as well as de-
termine the scalability of the impaction process from mil-
limeter to micron drops. Future work will address more 
complex mixtures. 

We are developing a 
fundamental understanding of the 
process of deposition of complex 

mixtures  
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Future Research 
One of the final year’s goals in DOD drop formation is 

to investigate the role of solids fraction in drop formation at 
the application scale and to determine the critical value of 
particle concentration where drop formation is adversely af-
fected. 

 

Research focusing on the impaction process for particle-
laden-liquid drops in the micron-size range and process pa-
rameters that are typically found in inkjet printing is 
needed.  Experimental studies of model-fluid impact (dy-
namic) and wetting (equilibrium) on model surfaces (well-
defined topology, chemistry and porosity) are being con-
ducted.  The model fluids will include high viscosity fluids 
(nonvolatile, i.e., non-aqueous/non-solvent based) since 
these are very important in a number of growing digital 
printing applications. The impact studies will determine the 
effects of particles on the impacting process and establish 
whether or not experimental results for particle-laden-liquid 
drops of millimeter-size scale down to drops in the micron 
size.  

 

The effects of fabric parameters (surface chemistry, 
weaving pattern, roughness, and yarn size) and the ink 
properties (viscosity and surface tension) on image quality 
have been evaluated in the last NTC project (C02-GT07).  
Further work is being conducted to better understand the 
results.  The current research will include image analysis of 
drop impaction on yarns and fibers to determine how fluid 
interactions with fibers/yarns translate to ultimate image 
quality. 
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