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Overview 

Why Pre-Treat? 
• Pre-treating the substrate (part) to 

be printed improves adhesion of 
ink to substrate 

• Pre-treating the substrate 
improves wetting characteristics of 
UV-LED inkjet inks

One of the greatest challenges in moving from traditional 
“contact" forms of product-marking to inkjet product-marking 
is achieving a durable adhesive bond between the ink and the 
substrate.  This challenge is compounded not only by the 
irregular topographies of many industrial parts but also the 
increased use of polyolefins. Additionally, manufacturers are 
subjecting parts to  harsh environments such as under the 
hood of a car or on a medical device to be inserted into a 
patient.   

In addition to the challenge of adhesion, UV-LED inkjet inks are 
highly viscous—as indeed they must be in order to be able to 
lay down enough ink at the high throughput speeds many 
production lines require—and therefore they inherently have 
low surface tension.  Polyolefins such as P.T.F.E. have very low 
surface energy levels, so pre-treatment of the substrate is 
almost always called for in order to achieve adhesion and 
“wettability."  There are several methods of pre-treatment in 
the industrial printing world, and this paper will examine the 
pros and cons of each of them.  But first, a few definitions. 

What is Adhesion? 

Adhesion is the strength of attraction between a substrate and 
the ink, and is determined by the relative surface energy and 
surface tension of the materials. The higher the substrate’s 
surface energy relative to the ink’s surface tension, the greater 
the molecular attraction; this draws the ink closer for highFlamer



Overview 

Adhesion 
• Determined by relative surface 

energy of substrate and surface 
tension of ink 

• The higher the surface energy of 
the substrate relative to the 
surface tension of the ink, the 
greater the molecular attraction 
(adhesion)

bond strength. The lower the substrate's surface energy 
relative to the ink's surface tension, the weaker the attractive 
forces are.  The image at bottom left shows water beading on a 
surface; the surface tension of the water is higher than the 
substrate on which it rests.  

Adhesion is measured through scoring (the “cross-hatch” test) 
and the “tape test.”

The Cross-Hatch Test: 
After printing, the substrate is 
scored with a special tool

The Tape Test: 
After scoring, tape is applied to 
the surface to test adhesion



Wettability

The relative surface tension of the substrate and the ink is 
measured by performing a dyne test.  A dyne test kit, 
pictured above, measures the angle formed by a drop of 
ink on the substrate.  If the angle formed by the drop is 
less than 90 degrees, this indicates good wetting 
characteristics and adhesion; if the angle is greater than 
90 degrees, pre-treatment of the substrate may be in 
order.  Typically, the surface energy of the substrate will 
need to exceed the surface tension of the ink by at least 
10 - 15 Dynes/cm² for good adhesion and wettability.  
Which brings us to another definition. 

Angle > 90 degrees, 
indicating low surface tension of substrate

Angle < 90 degrees, indicating wet out



What is "Wettability"? 
Wetting is the ability of liquids to form interfaces with solid 
surfaces. “Wetting out” means the ink flows and covers a 
substrate to maximize the contact area and the attractive 
forces between the ink and substrate. 

A lower surface energy material, such as water, will 
spontaneously wet out a higher energy surface, such as 
the un-waxed hood of a car. A waxed hood, however, has 
a lower surface energy than water. The water beads up 
rather than wet out, reducing its contact area with the 
surface. 

For ink to effectively wet out a surface, the surface energy 
of the ink must be as low as or lower than the surface 
energy of the substrate to be printed. Or, the surface 
energy of the substrate must be raised through pre-
treatment..  

There are several methods of pre-treatment, among them 
Corona, flame, plasma, Pyrosil®, and chemical pre-
treatment such as primer wipes.

Testing for wet out characteristics

The low surface tension of the waxed 
hood of a car causes water to bead.



Pre-Treatment Options 

Corona Pre-Treatment 
Corona pre-treatment is a high-frequency electrical 
discharge that raises the surface energy/surface tension of 
substrate.  They come in two forms—blown arc corona 
flamers and anode-cathode corona flamers.   

Anode-cathode corona flamers consist of a positively-
charged electrode and a negatively-charged electrode.  
The arc passes through the substrate, changing the 
surface energy of the substrate.   

Blown-arc corona flamers combine the anode and 
cathode with blown air, under which the part is passed.  
Unlike an anode-cathode corona flamer, blown-arc corona 
provides surface treatment only. 

Plasma Pre-Treatment 
With plasma pre-treatment, the substrate surface is 
bombarded with positive ions, causing oxidation or 
reduction of the substrate, facilitating strong ionic bonds 
between the ink and the substrate.

Plasma Unit

Flamer



Pyrosil® Pre-Treatment 
 Pyrosil® is a proprietary flame technology for pre-treating 
and adhesion promotion for many substrates.    

By evaporating a proprietary 
chemistry, which is mixed with 
propane or natural gas and then burned – 
SiOx (Silicon Dioxide) is deposited onto 
substrates. SiOx creates high surface tension 
for improved wettability, but also changes the 
surface, resulting in improved adhesion.  
Pyrosil is being used by major glass and 
plastic manufacturers and container 
decorators to increase bonding and 
durability of UV inks on glass and other 
substrates. 

Primer Wipes 
Simply wiping the surface of the 
substrate with primer can 
increase adhesion, but for high-
speed product-marking 
solutions, this method of pre-
treatment is not feasible.   

Pyrosil® handheld torch

With Pyrosil®

Pyrosil® standalone unit

Without Pyrosil®



Issues To Consider 
When deciding on pre-treatment methods, there are 
several factors to consider.  Chief among them are safety, 
physical space, throughput, and of course cost. 

Safety 
High-speed industrial inkjet machines contain sensitive 
electronic controls, so any pre-treatment option must be 
grounded separately from—and on a different circuit from—
the print machine.  Care must be taken to avoid arcing, 
which can be a concern both with plasma pre-treatment 
and corona pre-treatment, due to the piezo-electric spark 
required to ignite the corona flamer.  In addition, the 
presence of open flame means that normal fire-safety 
precautions apply. 

Footprint 
As mentioned, virtually any pre-treatment option will 
require physical separation from the print station.  
Depending on your production line, this requirement may 
determine the placement of the pre-treatment station.

Whenever open flame is present,  
follow safety precautions.

Pre-treatment flamers must be grounded to prevent arcing, 
which can destroy sensitive electronics in the print station.



Throughput 
The project parameters may dictate a throughput speed 
such that parts don’t have enough time under the pre-
treatment method—whether corona, flame, or plasma—to 
achieve the desired adhesion and wetting characteristics.   

Footprint 
As mentioned, virtually any pre-treatment option will 
require physical separation from the print station.  
Depending on your production line, this requirement may 
dictate custom part-loading.  Various options exist, from 
linear conveyors to rotary tables. 

Cost 
Finally, cost is always a consideration.  At Engineered 
Printing Solutions, our Sales Engineers stand ready to 
work with you to find the low-cost solution to your pre-
treatment needs, whatever your production schedule 
demands.  This may involve multiple pre-treatment 
stations or custom part-loading.  One thing is certain: no 
two machines that EPS builds are alike.   

Custom-designed.  

Purpose-built.  

Lifetime-supported.  

A rotary table allows parts to pass under the 
flamer two times, enabling pre-treatment at high 
throughput speeds.  This avoids the need for a 

second flamer, thus saving cost.

Medical device manufacturers have exacting 
adhesion requirements.
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Conclusion 
With the proliferation of new polymers, including low 
surface-tension polyolefins, pre-treatment of parts prior to 
inkjet product-marking and -decorating is becoming more 
and more necessary.  Pre-treatment provides two benefits: 
increased adhesion and increased wettability.   

There are several methods of pre-treatment available, 
from simple primer wipes to corona, flame, plasma, and 
Pyrosil®.  Based on production requirements such as 
throughput, parts-handling pre- and post-printing, and 
unit cost, our Sales Engineers will work with you to find the 
pre-treatment method that works for you.   

Drop us a line and  

Change the Way you Print

Our manufacturing facility is located in East Dorset, VT.

Our Sales Engineers will work with you to find the pre-
treatment method that works for you.
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