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APPLICATION NOTE 10 

Tensiometry in Inkjet Printing 

Applications

Introduction

Inkjet is a relatively young, but expanding printing method. Inkjet 
is based on digital information transfer, in which an image is 
formed by ink-droplets that are ejected directly from the printing 
head at high speed onto the substrate either by drop-on-de-
mand or continuous mode technologies1. This gives freedom to 
personalize each printed product and provides print-on-demand 
processing, which is not possible with the currently dominating 
non-digital fixed format printing methods, such as offset. A major 
advantage of inkjet is also its versatility; it can be used with varied 
combinations of ink type and substrates. Typically, inkjet is used 
in small scale color printing and in low-cost data printing applica-
tions, for example in home and office printing. However, due to 
its advantages compared to conventional printing methods, it 
has become common also in the industrial printing and packag-
ing industry2. Inkjet printing is also utilized in emerging functional 
printing applications, for example in printed electronics.

Inkjet print quality is highly dependent on the properties of 
paper and ink and their interactions. The main components of 
inkjet inks are vehicle (water, solvent, oil or UV-based), color-
ants, binders and additives. Typically, inkjet inks display very low 
viscosity (2-30 mPas) and surface tension is adjusted between 
25-40 mN/m. The inks can be divided by the type of colorant into 
dye-based and pigment-based inks. Since the inkjet inks are very 
penetrative and low viscous, it sets a high demand on the surface 
properties of substrates. Surface energy, charge, roughness and 
porosity are the key elements defining inkjet print quality.1,2

This application note illustrates how the Attension Theta Optical 
Tensiometer and its picoliter dispenser can be used to study and 
develop inkjet printing technologies.
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Tensiometry is widely utilized to study the wetting phenomena 
in inkjet printing applications 3–6. Surface tension of the ink and 
surface free energy of the substrate are important parameters in 
defining the wettability and adhesion between ink and substrate. 
Since the image is created by the ink-droplets, the contact angle 
measurement is a useful tool to demonstrate the inkjet print-
ability. The contact angle analyses allow to study the droplet 
spreading and absorption via analyzing the drop dimensions and 
contact angle with time.
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Case study 1: Characterization of pat-
terned self-assembled monolayers and 
protein arrays generated by the ink-jet 
method

Inkjet technology has been widely used to deposit various func-
tional patterning, such as DNA microarrays, polymer deposition, 
gold conductive tracks and optical microlens arrays. Pardo et al.3 
used Attension’s (former KSV Instruments) optical tensiometer, 
CAM200, to characterize the patterned protein films on gold 
substrate. They demonstrated that drop-on-demand (DOD) inkjet 
technology is suitable to print proteins and thus opens the possi-
bility of generating inexpensive and dense bioarrays for example 
cell-based sensors. Water contact angles results showed that the 
DOD method was able to create chemical gradient by changing 
the spatial density of the droplets (Figure 1).

Case study 2: Spreading and absorption 
of pigment-based inkjet ink on paper 
and polymer substrates demonstrated 
by picoliter drop contact angles 

Picoliter sized droplets offer many advantages for various appli-
cations. Improved spatial resolution makes it possible to charac-
terize surfaces on much smaller areas, for example on microar-
rays and single fibers. Theta optical tensiometer combined 
with its picoliter dispenser enables picoliter drop formation by 
using the piezo-driven inkjet technology. Therefore, the picoliter 
dispenser allows improved ability to demonstrate the real inkjet 
printing process compared to standard dispenser utilizing typi-
cally a few microliters drops. 

In the following demonstration the picoliter contact angle meas-
urements were performed on coated inkjet paper (HP, Everyday 
Photo Paper, 170 g/m2) and on low density polyethylene (LDPE) 
extrusion-coated paper. The surface free energy of the substrates 
was defined by measuring the contact angles on both substrates 
with water, diiodomethane (DIM) and ethyleneglycol (EG). The 
surface energies were calculated by the Theta SFE software using 
the extended Fowkes7 and the acid-base approach by van Oss 
et al.8. Results are shown in Table 1. Commercial pigment-based 
inkjet ink (HP 56, black) was used as an ink and drop size was 
180pL. Since the inkjet inks have low viscosity, the absorption 
phenomena may be extremely fast especially with porous paper 
substrates, that is why Theta was also equipped with a high 
speed camera (1550 fps).

Figure 1. Cosine of advancing water contact angle as a function 
of distance. The distance is measured from the sample edge, from 
where the spatial density of protein array changes gradually3.

Table 1. Contact angles, surface free energy and its components 
(γtot = total surface energy, γd/γLW=dispersion component and 
γp/γAB= polar component) on the LDPE-coated paper and inkjet 
paper measured with Theta optical tensiometer. 

ldpe inkjet paper

Contact angle water 101,2 28,8

dim 73,4 33,6

eg 53,6 35,2

Surface energy γtot 31,5 59,7

(Extended Fowkes)
γd 31,3 31,9

γp 0,2 27,7

Surface energy γtot 32,5 45,7

(Acid-base)
γLW 32,2 41,9

γAB 0,0 3,8



3ATTENSION AN 10 

Figure 2 shows the contact angles with time on two different 
substrates. The initial contact angles with both substrates are 
quite similar. With non-porous polymer surface the contact angle 
decreases slightly with time due to spreading of the droplet, after 
which it stabilizes. With inkjet paper the fast decrease in contact 
angles shows the absorption of ink droplet into porous paper 
media.

Conclusion

Inkjet printing is a versatile technique used in wide range of 
applications from small scale home and office printing to high 
speed industrial printing and more novel functional printing 
applications. Since the interactions between ink and substrate 
are crucial to define inkjet print quality, tensiometry is widely 
utilized in this field. Adhesion between ink and substrate can be 
estimated by comparing the surface tension of the ink to surface 
energy of the substrate. Absorption and spreading of droplet 
are studied by contact angle measurements. A novel picoliter 
dispenser option for Theta optical tensiometer allows the same 
size range droplet formation as in real-life inkjet process by using 
piezo-driven technology.
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Figure 2. Picoliter contact angle with time measured on inkjet pa-
per and LDPE-coated paper using the Theta Optical Tensiometer 
combined with its picoliter dispenser.

Figure 3. High speed camera enables to measure the initial pico-
liter drop contact angle right after the drop hits the surface and 
then the fast spreading and absorption phenomena.
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