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Introduction

The paper industry has realized high-speed inkjet 
printing as a vast new business opportunity. Now days, 
the inkjet printing has become the dominant printing 
method for commercial large format and desktop small 
format printing of photos, graphic art and documents, 
as well as being a valuable proofing device. Inkjet print-
ing provides unique advantages of high colour gamut, 
high image quality and print on demand at affordable 
prices (Lee, Joyce & Fleming, 2004; Lee, Joyce & Flem-
ing 2005; Lee et al., 2005; Chen & Burch, 2007).

Unlike solvent-based liquid or paste ink systems used 
in conventional printing, i.e. offset, screen, gravure, 
etc., the ink systems used for inkjet printing are water 
based, containing 65 to 95 % of water. In order to 
absorb large quantities of ink quickly and produce 
high-quality colour images with inkjet printers, special-
ty media are required (Chapman & Michos, 2000).

To achieve a smoother and a more printable surface, 
paper and paperboard grades are often coated. The 
coating layer is applied to the substrate as a wet coating 
by several techniques. The coating consists of pigment, 
binder, thickener and water. The solids content of a coat-
ing varies between 50 and 70 %, which depends upon 
the properties of the substrate, the required rheological 
properties of a coating dispersion, the coating technique, 
the coating speed, etc. On industrial scale, it is desirable 
for coating to keep the solids content as high as possible, 
partly for environmental reasons, partly to save energy 
during the drying stage, which has a large impact on 
the process economics. Under laboratory conditions, 
however, where the coating speed is considerably lower 
and unconventional substrates are sometimes used, a 
paper coating of low solids content is often easier to 
handle. The substrate can be coated in a single layer or in 
several layers. A common coating technique is to apply a 
pre-coating, i.e. to cover the fibre surface and to provide 
a smooth base for the subsequent application of one or 
two top-coating layers to improve the optical properties 
and printability.  
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abstraCt

 
Expensive synthetic coating materials can be replaced with natural 
coatings and surface treatment with natural components and additives 
which are friendlier to the environment and have normally better special 
surface properties. However, special properties can be obtained with 
surface functionalization by chemical or surface geometry modification. 
Beside optical properties, the trends of lightweight materials, i.e. 
reducing grammage by using nano materials and products (i.e. NMP - 
N-Methyl-2-Pyrrolidone), lower specific energy requirement and costs, 
forces increasing of pigments usage. Results of survey showed that 
surface properties of papers coated with modified ground calcium 
carbonate (GCC), required for inkjet printing with water-based inks had 
improved significantly, whereas the increment of printed object has 
minimum differentiation from the ideal, computer-based character.
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A dry coating layer has a typical coating weight of 5-20 
g/m2 with a thickness of 5-20 μm (Bohlin, 2013).

Over the past few years, there have been a variety of 
different coating formulations and technologies devel-
oped to meet the needs of inkjet printing. Former studies 
indicated that the optical properties and printability of 
microporous inkjet coated paper is strongly controlled 
by the pigment types used in the coating formulations. 
Small particle size of coting pigment, i.e. GCC (Ground 
Calcium Carbonate) and large surface area, provide spe-
cial pore structures and surfaces to rapidly absorb the 
aqueous ink vehicle away from the surface and into the 
porous microstructure (Khoultchaev & Graczyk, 2001; 
Batz-Sohn, Storeck & Scharfe, 2004; Monie & Krupkin, 
2006). To be able to provide mentioned acceptations and 
demands when using inkjet printing, the R&D activities 
in paper mills are going into a new, i.e. modified coating 
pigments, mostly on the bases of GCC development 
with special properties as the answer on the increasing 
market demands (Kettle, Lamminmäki, & Gane, 2010; 
Rutar, Rutar & Možina, 2011; Smithers/PIRA, 2018).

Inkjet printing is non-contact printing technique. The 
only contact is in the moment of ink transfer on the 
paper surface. For good reproduction and print quality, 
the coated papers are used, where the coated layer 
serves as micro-porous substrate. Dye in ink penetrates 
into the micro-porous substrate along the capillaries and 
the depth of the penetration is the criteria for the print-
out quality (Svanholm, 2007; Patrick, 2010). An inkjet 
printing test for the vaterite-coated papers resulted in 
high print quality, without bleeding or wicking problems 
because of the good wettability tendency (similar with 
silica). In the paper coating substrate, the fixing agent, 
i.e. poly-DADMAC (Polydiallyldimethylammonium Chlo-
ride) was added (Mori, 2010). For liquids, e.g. ink or 
printing colour, their penetration into the paper is more 
important than flow through the paper structure. Liquid 
penetration takes place by capillary flow in capillaries 
between particles in coated layer structure. The pene-
tration flow is expressed by the Young-Laplace equation 
(Equation 1) and Lukas-Washburn equations (Equation 2) 
(Niskanen, 1998; Holik, 2006). Liquid transfer on/in paper 
surface is represented with Young-Laplace equation:

         (1)

while wettability or liquid penetration is expressed by 
Lukas-Washburn – equation:

       (2)

where is: ∆p - external pressure difference, γλ - surface 
tension, θ - contact angle between the liquid and the 

capillary wall, r - pore radius, η - fluid viscosity, p - liquid 
pressure in the nip and h - distance travelled, t - time.

Solely surface tension and gravity effects drive the flow 
of the liquid. In printing and converting processes the 
nip pressure forces liquid to penetrate into the paper. 
Regarding printing process, we can talk about liquid 
transfer and wettability of the printing substrate. On the 
other hand, in printing and converting processes the 
nip pressure forces liquid to penetrate into the paper. 
Further, surface tension is small compared to external 
pressure. Lucas-Washburn equation (e.g. Equation 2) can 
be rewritten in Equation 3, (it is previously stated what 
the p stands for).

           

(3)

The Kozeny constant, k, is included to account for 
irregular and tortuous pores. Kozeny-Carman equation 
(e.g. Equation 4) gives a quantitative relation between 
permeability and porosity. The model assumes a uniform 
bed of packed particles that have an effective particle 
diameter (deff).

         (4)

where is: ϕ - porosity, deff - effective diameter (influence 
on pore volume and shape), and k - Kozeny constant.

Equations 3 and 4 express the phenomena of liquid 
transfer in to the printing substrate. The Lukas-Wash-
burn equation predicts the depth of liquid penetra-
tion. In converting process (e.g. calendaring, paper 
surface, mostly coated surface) the external pressure 
compresses paper structure, which reduces pore vol-
ume and consequently reduces liquid penetration.

Materials and Methods

On a laboratory scale trials of preparing modified GCC 
pigment and afterwards coating of paper surface was 
performed. Average specific surface is of the GCC was 
measured according to the Brunauer-Emmett-Teller (BET) 
technique (International Organisation for Standardiza-
tion, 2010), on the apparatus Micrometrics New TriStar 
II Surface Area and Porosity System (Table 1). The main 
purpose of all trials was to find out the procedure of 
pigment modification to encounter the market demands 
for the inkjet printing papers and paperboards.

Therefore, one base paper (regular office white paper, 
produced from primary cellulose fibers, i.e. Navigator 
Universal) with 80 g/m2, have been only coated on an 
upper (A) side of a paper, i.e. on a RK Multicoated K303, 
with addition of coating substrate between 8 to 10 g/m2. 
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Afterword the colour printouts were done on a HP  
Office-jet 6000 printer (thermal 4800 × 1200 dpi, dye-
based inks, min 1.3 pl.). 

Table 1 
Modified pigment preparation

trials
Modification 

procedure
Addition bet [m2/g]

/
raw material 
- dry

8.10

5
material with 
10 % s. c. + 
weak acid

Ca(OH)2 CO2 29.10

8 – TCC2
material with 
10 % s. c. + 
weak acid

Ca(OH)2 CO2 32.93

Segment of printouts, i.e. number 8 and letter E, selected 
upon their geometric figure, where in case of number 8, 
the lines cross at the middle and leave small inside circle, 
i.e. in ideal case unprinted ”white dot” and in case of 
letter E, the middle horizontal line, which is usually short-
er and less intensely expressed than the line above and 
below, has a significant impact on a clarity and quality of 
printouts, which were at the end evaluated with ImageJ, 
where the bleeding and wicking were calculated. Images, 
i.e. 8 and E, were captured under a microscope, Nikon 
SMZ800, at magnification 8×. In the end, the captured 
pictures were processed in Adobe Photoshop, where 
the image size was determined and exported into the 
ImageJ. Coloured picture was transformed in ImageJ into 
the bit format, upon which the ratio between the black 
and white area was calculated.

Results and discussion

Cationic treatment, i.e. with quaternary ammonium 
salt, of GCC pigment particles, with the pH 10.2 and zeta 
potential between – 30 and – 40 mV (moderate stability), 
has a positive influence on capturing the anionic dye and 
therefore keeps it from uncontrolled spreading on the 
paper surface, i.e. bleeding and wicking. The GCC, with 
special technological preparation procedure, where the 
electrical charge as well as the shape and size of the pig-
ment particles, were modified according to the values in 
Table 1. The specific surface area was enlarged and at the 
same time, the particles electric charge had increased 
from 17 to 12 mV at pH 7.85. With the addition of weak 
and/or strong acids the specific surface area changed 
from 8 to 33 m2/g (Table 1). The trials of coating base 
wood free paper with three coatings, with standard wet 
grinded GCC pigment quality, modified pigment TCC2 and 
reference pigment, were also done (Table 2). The main 
differences between used materials, like specific surface 
area and mean particle diameter presented in Table 2 
show the quantitative effect the modification of GCC has. 

Modification of D50, i.e. 50 % of particles are size 2 μm, 
has an 80.9 % increasement in specific surface area.

Table 2 
Pigments characteristics

Pigment sample D50 [%] bet [m2/g]
standard quality 0.686 µm 12.24
TCC 2 1.241 µm 32.93
reference 1.353 µm 60.74

Distribution and particle form are well presented on the 
SEM pictures (Figure 1-3), where the extend of micro po-
rosity of calendared coated paper is recognised. Coating 
layer consistent from modified TCC2 (Figure 2) is more 
condense due to the increment of specific area. Further, 
the GCC particles are more equally distributed with 
smaller tendency towards forming large agglomeration 
structures which usually results in printing irregularities. 
To be able to confirm the extend of GCC modification 
has on printing quality, the inkjet print was performed on 
studied coated papers.

 » Figure 1: Standard product

 » Figure 2: Modified product TCC2



 » Figure 3: Reference product

In the Table 3, 4 are presented results of bleeding and 
in Table 5 the results of wicking. Values were calculated 
upon the image analysis in ImageJ. The effect of the 
pigment particles modification on micro-porosity and 
capability to capturing anionic dye in inkjet printing tech-
nique, showed significant contribution to the print quali-
ty. Bleeding of yellow eight on printed black background 
(Figure 4) has less, 0.07 %, increment than the black 
eight printed on yellow background (Figure 5), 10.89 %.

 » Figure 4: Yellow eight on printed black background

 » Figure 5: Black eight on printed yellow background.

On the other hand, when considering wicking, mod-
ification of pigment particles has a small effect on 
increment of perimeter, i.e. 0.63 mm, to the ideal 
shape of letter E, which is computer generated letter. 
Modification of pigment particles in such a way, can 
have perceptible effect on printout quality, therefore it 
should be considered as a valuable tool to increase the 
micro porosity and decrease the bleeding and wicking, 
namely water-soluble inks, i.e. used in inkjet printers.

Table 3 
Bleeding of black 8 on yellow

Table 4 
Bleeding of yellow 8 on black

Specimen
Picture of
bleeding

Area [%] Increment [%] Share [%]

standard 38.16 1.86 5.12

TCC2 36.37 0.07 0.19

Ref. 36.29 − 0.01 − 0.03

Ideal 36.30

Table 5 
Wicking

Specimen
Picture of
bleeding

area 
[mm2]

Perimeter
[mm]

Increment 
of Perimeter 

[mm]

share
[%]

standard 21.82 60.50 − 2.80 − 4.42

TCC2 24.68 63.93 0.63 1.00

Ref. 24.13 63.86 0.56 0.88

Ideal 23.30 63.30

Conclusions

Ground calcium carbonate (GCC) is the mayor com-
ponent in the paper coating dispersing solution in EU 
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Specimen
Picture of
bleeding

Area [%] Increment [%] Share [%]

standard 38.95 − 5.72 − 12.81

TCC2 55.56 10.89 24.38

Ref. 44.68 0.01 0.02

Ideal 44.67
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paper mills, which is mainly due to the environment 
and economics. Paper coating formulation and its per-
formance also present important surface interactions. 
Coating structure and its effects on printability can also 
be interpreted considering thermodynamic properties 
between mineral and adhesive particles. Paper print-
ability can be investigated and improved according to 
a surface chemistry approach. The concept of surface 
engineering demonstrated in the article can also result 
in a product, i.e. paper with higher added value. There-
fore, successful pigment engineering, like finer particle 
size distribution, effective dispersing system and other 
procedures that are reflected in modified specific area, 
electric charge, etc., provide a high value of significant 
properties of the coated paper surfaces used as a dom-
inant graphic material in versatile printing technics, in 
our case, inkjet. The increment of studied objects, i.e. 
8 and E, differed little from the ideal shaped character. 
Concepts of surface chemistry are practically involved 
in all stages of paper manufacturing, but always with 
the thought on an end user, i.e. printing houses.
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