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Current focus:
capillary suction

With current health and safety regulations, the reduction of the
volatile components in printer ink is an ongoing challenge. Water
based inks are therefore increasingly used. These inks contain,
amongst other things, water, co-solvent and pigment. The latter is

very important since pigment is the component that results in the
visible image. Its use however, is minimized to reduce costs and
obtain a more eco-friendly ink.
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Aim of the Project
To develop a mathematical model that quantitatively describes
particle penetration into paper. We aim to predict the penetration
depth of the pigment, and find the determining parameters
(Figure 1). Ink can then be optimized in order to contain a lower

pigment concentration.

Introduction

Figure 1: Schematic drawing of pigment penetration in paper. 

Approach
The model needs to include four important processes (Figure 2):
evaporation, sorption into the fibers, capillary suction in the pores
and agglomeration of the particles. Therefore experiments and
simulations are performed, and designed to complement each other.

The experiments are conducted using Nuclear Magnetic Resonance
imaging (NMRI), a non-destructive technique that visualizes the
liquid components inside a porous sample in a space and time
resolved manner.

Figure 2: Four dominant processes determining pigment penetration.

Results
Due to the challenges with studying paper (i.e. swelling,
broad pore size distribution, fibers), Al2O3 is used as a
first model porous medium. The sorption of water and
ink mixtures in an Al2O3 sample is measured as function

of time (Figure 3). From the moisture profiles, the front
position as a function of time is extracted. From the
results we can conclude that:

• The front position can be scaled with liquid and
material parameters to generate a generic curve
which can be fitted with Washburn’s equation.

• Water-glycerol moves in the sample as a single front.

• There is a spread in the H2O-glycerol in 200 nm
samples, which needs further investigation.

Future work & Valorization steps

Project Progress (in years)

Figure 3: (a) Measurement of moisture profiles in Al2O3 and (b) the 

resulting front position as function of time.
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The next step in the project is to increase the number of
components in the liquid in order to increase the
resemblance with inkjet inks. Furthermore the imbibition
of ink components in paper will be investigated using

high resolution NMR.

Determine 
front position

a

b

�� �
�cos		
��

4���

Washburn:

�� �
�cos		
��

4���

Washburn:

Water sorption in 200 nm 
Al2O3 sample


