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SUMMARY: The Gibbs energy, ∆G, associated with imbibition
of a probe liquid into a porous coating can basically be treated
as a product of coating structure variables (volume and diame-
ter, ΣVi /Di) and surface energy parameters (γcosθ), i.e. ∆G
highlights the interactive properties of the coating pore surface
and the probe liquid. To study such properties, structure
variables and surface energy parameters including the polarity
of solid surface and liquids need a systematic investigation.
This paper is to study the calcium carbonate and kaolin
(aluminosilicate) influence on ∆G when different polarity liqu-
ids are used. ∆G of imbibition of diiodomethane (DIM), water,
and binary solutions of formamide (FMD), water and 2-ethoxy-
ethanol (EO) with surface tensions 40, 50, 60 and 70 mJ m-2

into six coatings containing kaolin and calcium carbonates was
calculated from measurements of contact angles and pore
distributions (mercury intrusion). The dispersive and polar
components of the surface energies of the coatings were
evaluated from contact angles of water and DIM, using the
Owens and Wendt approach. The time to reach maximum tack
force, tmax of an oil-based offset ink was measured for all
coatings. It was shown that when non-polar DIM was used, and
the kaolin level, calcium carbonate type, and pigment ratio were
changed, keeping the amounts of latex, dispersant and other
additives constant, ∆G was predominantly determined by the
coating structure (the capillary surface area). However, for the
same coating surface the polar interactions of binary solutions
of FMD and water with kaolin were comparatively strong as
reflected in the changes of surface energy parameters. These
coatings may interact strongly with the aqueous fountain solu-
tions used in multi-color offset printing, UV varnishing, and
inks used in flexo and ink-jet printings. 
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Recently, we proposed a Gibbs free energy approach to
the analysis of the interaction of liquids with coatings
and their penetration into porous substrates by capillary
imbibition (Ma et al. 2007). Assuming that the capillaries
are cylindrical and that the shapes of the menisci in the
capillaries are spherical, the specific change in Gibbs
energy, when a liquid is imbibed into a porous medium,
∆Gs can be calculated from the equations 

where ∆Gi is the Gibbs energy associated with imbibition
of liquid into a cylindrical capillary of height hi, diameter
Di, cross-sectional area Ai and volume Vi, γ is the surface
tension of the liquid, m is the mass of the sample and θ is
the contact angle of liquid on the capillary wall. Thus, in
the final state, ∆Gs is proportional to the total wetted
capillary surface area.

The capillary pressure ∆Pi is given by the Laplace
equation in the form

We also showed, for a series of double coated papers, that
∆Gs correlates well with the rate of imbibition of ink as
characterized by the development of ink tack. On the
other hand, the total pigment surface area, peak pore
diameter and volume alone did not correlate with the rate
of ink tack development.

The previous paper focused on ∆Gs calculations for
different coating structures using a single binary-solution
of 36.5% 2-ethoxyethanol, C2H5OC2H4OH (EO) and
63.5% formamide, HCONH2 (FMD). In this paper we
report further investigations of the effects of non-polar
and polar probe liquids, and of coatings consisting of
kaolin/carbonate mixtures.

Experimental

Determination of dispersive (non-polar) and polar
components of surface energies
In the Good-Girifalco-Fowkes approach (Girifalco, Good
1957; Fowkes 1962) to interpretation of surface tensions
and adhesion, the contribution of different interactions to
the surface tension γ is divided into two groups

where γ d is the contribution of dispersion (London)
interactions, often also denoted “non-polar” interactions
and γ p includes all other interactions, collectively called
“polar” (in more recent terminology, “acid/base”)
interactions. We are mainly interested in comparison
between coatings containing different amounts of similar
components and, therefore we have used the simple
approach Owens and Wendt to interpret polar interactions
(Owens, Wendt 1969), i.e.

which, in combination with Young’s equation,

gives the equation
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By measuring the contact angles of two liquids (usually
one polar and one non-polar) with known values of γL, γ d

L

and γ p
l the values of γ d

s and γ p
S can be determined. 

Preparation and properties of coatings
The pigment and coating samples were the same as those
described by Ma et al. (2007). Ground calcium carbona-
tes (GCC) with broad size distribution (BRD GCC) and
with narrow size distribution (NRW GCC) were from
Omya AG. Precipitated calcium carbonate with narrow
size distribution (NRW PCC) was from Specialty
Minerals. The fine kaolin was from Huber Engineered
Materials. The particle size distribution (PSD) and
specific surface area of the pigments are given in Table 1.

The coatings (Table 2) were applied, using a pilot coater
at Trois-Rivières, PQ, Canada, on wood-free base paper
pre-coated with 12 g/m2 of 100 parts coarse ground
calcium carbonate with 12 parts of latex, and chemical
additives. All papers were calendered by 11-nip pilot
supercalender to 0.6-0.7 µm PPs-10 smoothness with
TAPPI 75° gloss of 73-82. The precoat formulation and
process were the same in all experiments. The top coating
solids target was 65% with no on-line dilution. For
details, see Ma et al. (2007).

Coating porosity, pore size distribution, imbibed volume
and surface area as a function of capillary pressure were
determined by mercury porosimetry as described by Ma
et al. (2007).  

Measurement of contact angles and determinations of
surface energies 
There are differences between contact angles measured
under static and dynamic conditions, between those mea-
sured on a flat plane and those obtained in a confined
capillary (Kistler et al. 1993), and between surfaces with
pre-adsorbed film and pure dry surfaces (Ichikawa,
Satoda 1994). However, it was not possible to directly

measure dynamic contact angles in the small capillaries
of the inhomogeneous industrial coatings used in this
study. The distributions of peak pore diameters in the
range 56 to 88 nm were relatively similar for all samples.
Therefore, when comparing the samples, we neglected
the impact of capillary diameter on vapor pressure,
precursor, contact angle and liquid surface tension, and
considered the static contact angle as representative of
the main features also of dynamic contact angles.

Coated paper samples were conditioned according to
TAPPI Standard T402, and sealed in a black plastic bag
before contact angle measurements. The capillary dimen-
sions investigated were in the range 30 to 125 nm as
determined by mercury intrusion. The static contact
angles on coated surfaces were measured by extrapola-
ting determination of the time-dependent contact angles
to t = 0 s. 

Static contact angles at interfaces of liquid and
coatings were determined by two different approaches. 

In the first approach four ACCUDyneTest™
(Diversified Enterprises, Claremont, NH, USA) binary
solutions (Table 3) were used in measurements with a
Krüss G10 goniometer (Krüss GMBH, Hamburg,
Germany). The coated paper sample was mounted with a
double-sided tape on a metal base that was tilted by 1-2
degrees so that only the advancing angle was measured.
The syringe needles used had diameters of 3, 2.4, 2.4 and
1.8 mm for the 70, 60, 50 and 40 mJ m–2 solutions,
respectively. Drops were controlled manually by
observing the drop size and curvature and then brought
close to the coated paper surface. Once the attraction
force pulled the drop to the paper, the needle was quickly
lifted up to avoid its impact on drop curvature. 

In the second approach the coating surface energy
calculation was based on Eq [9], using contact angles of
a polar (water) and a non-polar (DIM) solvent deter-
mined with a CAM 200 Optical Contact Angle Meter
(KSV Instruments LTD, Helsinki, Finland) at the
Laboratory of Forest Products Chemistry, Helsinki
University of Technology, Finland. The DIM was from
Sigma-Aldrich, 99%. The water was de-ionized, distilled
and degassed. The samples were mounted on a horizontal
flat metal base with double-sided tape. Contact angles on
both sides of the drop profile were measured. It was
found that for all samples tested there were no statistical-
ly significant differences between contact angles on the
two sides. Separate syringes that had fixed needle

Pigment BET Cumulative particle size distribution
m2/g %

< 5 µm < 2 µm < 1 µm < 0.5 µm < 0.2 µm
BRD GCC 12.6 99.6 94.1 70.6 42 20.3
NRW GCC 14.5 99.9 98.4 86.8 51.9 19.6
NRW PCC 14.2 99.8 98.6 93.9 69.9 17.9
Fine kaolin 21.2 99.1 97.2 93.7 79.7 44.1

Table 1. PSD and BET area of the pigments. BRD = broad PSD, NRD = narrow
PSD. From Ma et al. (2007).

Table 2. Pigment compositions of coatings, in parts by weight. In addition all coa-
tings contained 0.15 parts polyacrylic acid (Ciba Chemicals), 12 parts SB-latex
(Dow Chemicals) 0.5 parts carboxymethyl cellulose (CpKelco), 0.7 parts optical
brightener (Bayer), 0.7 parts lubricant (Devden) and 0.3 parts cross linker
(Bercen). From Ma et al. (2007).

Topcoat A B C D E F

Fine kaolin 20 40 20 40 20 40
BRD GCC 80 60
NRW GCC 80 60
PCC 80 60

Table 3. Composition of solutions used for contact angle measurements and cal-
culations of dispersion and polar components of surface energy. The surface ten-
sions of diodomethane (CH2l2, γ=γ d = 50.8 mJ m–2), formamide (HCONH2, γ d = 39
and γ p = 19 mJ m–2), water (γ d = 21.8 and γ p = 51 mJ m–2) were based on van
Oss et al. (1992), and 2-ethoxyethanol (C2H5OC2H4OH, γ = 30 mJ m–2) from
ACCUDyneTest™.

Solutions Solution compositions
Surface tensions, mJ m-2 40 50 50.8 60 70 72.8

Diiodomethane 100%
2-ethoxyethanol 36.5% 9.3%
Formamide 63.5% 90.7% 65% 3.6%
Water 35% 96.4% 100%
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diameter were used for DIM and water.
The target drop volumes were set to 7 µl
for water and 1.5 µl for DIM based on
the surface tension difference. After the
set volume had been automatically for-
ced out of the needles, the drop was
manually brought in contact with paper
as described above. The time-dependent
contact angles of solution drops on each
coated paper surface were measured for
10 seconds, extrapolated to t = 0 s and
averaged from five measurements on both sides of drops. 

Results

Contact angles of pure water and DIM
Samples A and B (BRD GCC and kaolin). The initial con-
tact angle (Fig 1) of water on sample A (20 parts by
weight kaolin) was about 5° higher than that of sample B
with 40 parts; the difference was about the same from t =
0 s to t = 10 s. The initial DIM contact angles on sample
A were slightly higher than those on sample B but the
difference became smaller at longer times. Contact
angles of DIM on some samples were not stable from the
initial contact, with instability lasting for the first 2-3
seconds. It seems reasonable that surface roughness, phy-
sical and chemical non-uniformity, contamination and

defects should have more influence on the penetration
into coating pores and on the spreading over the surface
of the non-polar liquid than that of water. Extrapolated
values of the contact angles are given in Table 4.

Samples E and F (PCC and kaolin). The initial contact
angle (Fig 2) of water on the coating containing 20 parts
of kaolin was about 5° higher than that on the coating
with 40 parts, but the difference started to become
smaller after the initial time and disappeared in a few
seconds. The initial contact angles were then five degree
lower than samples A and B. DIM contact angles on both
coated paper surfaces were the same as for samples A
and B for t =0-10 s.

In summary, the contact angles of the non-polar DIM
were fairly constant over a 10 s period, while water
contact angles required some seconds to stabilize at levels
considerably lower than the initial ones. DIM contact
angle differences between different kaolin levels and types
of carbonates were rather small, except for sample A
while the water differences were slightly larger at t = 0 s
and much larger at t = 10 s. However, the binary solu-
tion contact angles did significantly vary with the type of
carbonate and kaolin/carbonate ratio (Table 4).

Surface energies of coated paper
Dispersive and polar components in the surface energies
were calculated from Eq [7] using the contact angles
(Table 4). The total surface energies from these measure-
ments were calculated from Eq [4]. The liquid surface
tension was treated as a constant for each sample,
neglecting any influence of contamination or evaporation,
because the liquid was ejected from a syringe and experi-
ments were finished within one - two hours. The possible
influence of coating capillaries on the liquid surface ten-
sion was minimized by using contact angles at t = 0 s.
The dispersive and polar components of coating surface
energies are given in Fig 3.

The dispersive component (Fig 3) was the major
fraction of the total surface energy and more or less the
same for all coating surfaces. The polar component
increased when kaolin level changed from 20 to 40 parts
at the expense of carbonates at t = 0 s. 

The capillary pore volume vs. surface area
distributions
Fig 4 shows results of mercury porosimetry deter-
minations for sample C. Data for all samples are given by
Ma et al. (2007). Fig 4A is a conventional plot of the
logarithm of the differential intrusion volume vs.

Fig 1. Contact angles of water (upper pair curves) and DIM (lower pair curves) on
coatings A and B. (G) and (F): 20 parts by weight of kaolin. (∆) and (s): 40 parts
by weight of kaolin.

Fig 2. Contact angles of water (upper pair of curves) and DIM (lower pair of cur-
ves) on samples E and F. (∆) and (s) 20 parts by weight of kaolin. (m) and (l): 40
parts kaolin,

Solution Contact angle and standard error degree
A B C D E F

θ σ θ σ θ σ θ σ θ σ θ σ

DIM (50.8 mJ m-2 ) 52.0 0.9 47.4 1.7 49.8 1.9 48.6 2.3 48.3 2.1 50.6 2.0
Water (72.8 mJ m-2) 95.0 1.4 91.1 1.9 93.3 1.4 85.6 2.1 90.7 2.7 86.6 0.9
40 mJ m-2 solution 27.5 0.6 28.2 1.9 27.1 1.0 25.8 1.2 25.6 1.0 26.9 0.4
50 mJ m-2 solution 65.9 0.5 55.1 1.3 50.8 1.7 48.5 0.7 53.5 1.8 47.5 1.5
60 mJ m-2 solution 65.8 1.2 58.8 0.1 59.9 1.3 57.5 0.2 61.6 1.7 58.4 0.6
70 mJ m-2 solution 69.0 0.6 62.0 2.1 59.2 1.0 54.9 1.3 58.4 0.4 55.3 0.3

Table 4. Initial contact angle θ at t = 0 s of the coated paper samples with standard error σ determined with the
CAM 200 (DIM and water) and Krüss G10.
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equivalent pore diameter. The large pore sizes (denoted
A) are typically due to pores in the base paper. The
shoulder (B) at medium pore sizes is mainly due to the
coarse pre-coat. The peak at very small pore sizes (C) is
essentially due to the very fine top-coat. Fig 4A shows
that the topcoat contribution from small pores to the total
pore volume of coatings was quite small. In contrast,
Fig 4B shows that the topcoat contribution from small
pores to the total surface area of coatings was dominant. 

Discussion

The influence of the kaolin on the contact angle of
polar and non-polar solutions 
When the kaolin increased from 20 to 40 parts by weight
the initial contact angle of water decreased regardless of
the type of calcium carbonate used (Table 4). This
indicates that kaolin was more hydrophilic than
carbonates studied. It was also true for the solutions with
surface energy 50, 60 and 70 mJ m-2; for the 40 mJ m-2

solution the contact angle was more or less constant
within experimental errors. Kaolin, with the general
formula Al4Si4O10(OH)8, is a aluminosilicate with 7 Å
repeat units of 1:1 tetrahedral silicate and octahedral
alumina sheets with hydroxyl groups located between
tetrahedral silicate layers that are very stable with dipole
moments balanced between silicon and oxygen pairs.

Thus, a kaolin particle has both siloxanol and aluminol
surfaces. The hydroxyl-covered surfaces are hydrophilic.
Hence, addition of more kaolin at the expense of carbo-
nates is expected to render the coatings more hydrophilic
mainly by adding more hydroxyl groups. 

The kaolin level did not affect water contact angles at
t = 10 s in mixtures of kaolin and PCC (Fig 2) although
there was a significant difference between different levels
of kaolin in blends of kaolin and GCC (Fig 1). This is not
surprising, as crystal structure, surface sites for electro-
lyte adsorption and coating pore structure of GCC, in
which the main crystalline structure is calcite, and this
PCC, in which the main crystalline structure is aragonite
(Dimmick 2003) are different. These are all parameters
that may have an influence on contact angles. 

The kaolin level influence
on surface energies of
coated paper
The kaolin level had little
influence on the dispersive
energy of the coatings, but
affected the total surface
energies. The magnitude
of the van der Waals com-
ponent, γ LW in oxide mate-
rials, including clay mine-
rals, typically varies bet-
ween 35 and 45 mJ m-2

(van Oss et al. 1992). The
acid (electron acceptor)
parameter γ+ is generally

small or negligible although this at least partially depends
on the choice of standard values of γ+ and γ – of water
(Della Volpe, Siboni 2000). Major variations exhibited by
oxides lie in the base (electron donor) contribution, γ –,
with values ranging from 3-80 mJ m-2 (van Oss, Good
1995).  Thus, the value to a large extent decides the
balance between hydrophilic and hydrophobic properties
of clays such as kaolin, talc, muscovite mica, smectite
etc. Kaolin has γ – values between 30-35 mJ m-2 and total
surface energies in the range of 65-80 mJ m-2, as determi-
ned by thin-layer wicking method (Wu 2001).

Using Eq [6] to calculate polar and non-polar
contributions, coating surface energies ranged between 30-
40 mJ m-2 at t = 0 s. Carbonates, kaolin, and latexes such as
styrene butadiene and acrylic latexes can change the mean
polar surface energy component of the coatings. The surfa-
ce energies of major latexes used in paper coatings are 40-
65 mJ m-2 (Kan et al. 2003). The fact that coating energies
calculated from t = 0 s were lower than those of kaolin but
were in the range corresponding to latex indicates that
latex surface energy was important. Hence, modification
of latexes can affect coating surface energy and, in turn,
the Gibbs energy and ink tack development.

Influence of coating structure variable and surface
energy parameter on Gibbs’ energy
Gibbs energies based on contact angles of DIM drops on
coating and the mercury porosimetry results were calcu-

Fig 3. Dispersion and polar components of the surface energy of the six coatings.
Dispersion component is to the left, and polar component is to the right. They
were determined from the initial contact angles at t = 0 s so that the assump-
tion of no absorption (Eq [5] ) was satisfied.

Fig 4. (A) Log (differential intrusion volume) vs. pore diameter for sample C determined by mercury porosimetry. (B) Incremental pore
surface area vs. pore diameter. Peak A is mainly due to the base paper while peak B is to the pre-coat and C to the top-coat. While
most of the volume is located in the base paper, the pore surface area is determined by topcoat.
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lated from Eq [2], and compared to tmax as described by
Ma et al. (2007). A reasonable linear correlation (Fig 5, R
= 0.92) was found though it was weaker than correlations
obtained previously for the 40 mJ m-2 solution (R = 0.97).

The surface interactions between a mainly non-polar
offset ink and the coatings are obviously expected to
mainly due to the dispersive components in the surface
tension. This can also be mathematically analyzed. Eq
[1] can basically be seen as a product of a coating
structure variable, ΣVi/Di = ΣπDihi and a surface energy
parameter, γcosθ. Differences in the surface interactions
will turn up as differences in the latter parameter. Taking
sample C as control and applying Dunnett’s multiple
comparison procedure (Dunnett 1964) to the contact
angle variations, assuming the surface tensions of each
liquid in Table 4, it was found that the γcosθ differences
between the six samples, using the 40 mJ m-2 solution
were statistically insignificant, i.e. γcosθcomparison - γcosθcontrol

fell within the limits of experimental uncertainty for
coatings with different levels of kaolin and type of
carbonates (Table 5). The same was true for DIM.
Therefore the large Gibbs energy differences (-411.4 to
-527.1 mJ/g for 40 mJ m-2, and -363.0 to -493.7 mJ/g for
DIM, Fig 5) were mainly determined by the coating
structure variable. This demonstrates the strength of the
Gibbs’ energy approach in being a parameter that is able
to distinguish between the influence of surface inter-
actions and the influence of structural properties on
capillary adsorption.

When dispersive energy is relatively constant (which is
the case for the coating pigments used in this study) and
dominant at the liquid/solid/vapor interface, the coating
structure decides the differences in Gibbs energy and tmax.

This agrees with chromatographic results, which demon-
strated that the removal of slightly polar linseed oil is
retarded by non-polar mineral oil (Rousu et al. 2000,
2005), and with the post treatment of coating with silane
in super-critical CO2 which shows the surface hydropho-
bicity plays a minor role in controlling offset ink setting
(Gu et al. 2007).

Influence of liquid surface energy and polarity on
Gibbs’ energy
For all liquids except DIM and the solution with surface
tension 40 mJ m-2, the differences between γcosθ of diffe-
rent coatings were statistically significant (Table 5). The
50 mJ m-2 solutions combine 90.7% of FMD with 9.3%
of EO. The dipole moment of FMD is very large, about
3.7 Debye (Israelachvili, 1991). The EO is surface active,
i.e. the surface tension is lowered when it is dissolved in
FMD, due to the strong cohesive forces in FMD. The 60
and 70 mJ m-2 solutions have 65% and 3.6% FMD
combined with 35% and 96.4% of water, respectively.
FMD has a strong tendency to form hydrogen bonds with
kaolin surface and to intercalate (Wada 1961) kaolin
stacks. FMD intercalation into kaolin always starts from
the edge and the rate can increase significantly with
addition of some water (Olejnik et al.1970; Franco, Ruiz
Cruz 2004). 

All these intermolecular forces and reactions occurring
in the binary solutions and at the liquid-solid interfaces
make the interpretation and comparison of contact angle
measurement for different solutions and coatings quite
complex, as is evident  from the results given in Table 5.
While this observation confirms that combining rules for
surface energies and adhesion may not be valid for inter-
faces in systems with more than two components at an
interface (Good 1992), the good match of Gibbs energy
from surface tension 40 mJ m-2 to tmax showed that
selection of binary solutions that do not contain substan-
tial fractions of strongly polar solvents may still be used
for Gibbs energy calculation to monitor the influences of
coating surface structure and surface energy on imbibi-
tion of non-polar inks when the coating pigment changes.
Gibbs energies calculated from strongly polar solutions
such as those represented by the solutions with surface
energy of 50, 60, 70 mJ m-2 and water will be applicable
for studies of interactions between polar substrates and
polar solutions such as kaolin containing coatings and
aqueous fountain solutions used in multi-color offset
printing where paper non-image area is exposed to
fountain solution moisture/vapor from printing
plate/blanket (a discussion of pre-adsorbed film vs. pure
dry surfaces, and its influence on capillary adsorption is
beyond the scope of this study), and aqueous inks such as
in flexo, ink-jet, and UV varnishing.

The 50 mJ m-2 solution and DIM had similar surface
tensions but interacted differently on penetrating into the
coating (Table 4). The non-polar DIM interacts with all
components in the coating but predominately through
dispersion interactions. The solution surface tension
reflects the intermolecular interactions between liquid
molecules while the penetration into coating is determi-

Fig 5. Correlations of tmax with specific Gibbs energy ∆Gs, (G) and dash line: DIM;
(F) and solid line: 40 mJ m-2 binary solution.

γcosθ differences based on Dunnett’s procedure
mJ m-2

C A B D E F Limits

40 mJ m-2 solution * 0.1 0.4 0.4 0.5 0.1 ±0.71
50 mJ m-2 solution * -11.2 -3.0 1.5 -1.9 2.2 ±1.97
50.8 mJ m-2 DIM * -1.5 1.6 0.8 1.0 -0.5 ±2.05
60 mJ m-2 solution * -5.5 1.0 2.1 -1.6 1.3 ±1.73
70 mJ m-2 solution * -10.8 -3.0 4.4 0.8 4.0 ±2.29
72.8 mJ m-2 water * -2.2 2.8 9.8 3.3 8.5 ±3.75

Table 5. Differences of surface energy parameter, gcosı calculated from Dunnett’s
multiple-comparison with a control (sample C). The 95% confidence limit was cal-
culated from the numbers of coatings and contact angle observations, and the
estimate of variance σ2. Statistically insignificant differences are given in Italics.
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ned by the solid/liquid/vapor interface. We conclude that
in the interactions of polar solution with a polar coating
surface, the solution polarity plays an important role in
determining Gibbs energy. We note that differences in
capillary adsorption of solvents with similar surface ten-
sion but different polarity such as ethylenglycol and gly-
cerol were observed by Gane et al. (1999). 

Conclusions
The Gibbs energy, ∆G associated with imbibition of a
solution into a porous coating (Eq [1]) can be basically
treated as a product of coating structure variable, volume
and diameter (ΣVi /Di), and surface energy parameter
(γcosθ), i.e. ∆G highlights the interactive properties of
the coating pore surface and the probe liquid. In mixed
kaolin/carbonate coatings, increasing the fraction of
kaolin renders coatings more hydrophilic. Thus, one
expects relatively strong interactions of coatings
containing kaolin with aqueous test liquids, and with
aqueous fountain solutions, flexo and ink-jet printings,
and UV varnishing. However, coating hydrophilicity
affects the imbibition of non-polar solvents much less
than the coating structure variable, ΣVi /Di. For non-polar
solvents this variable is of predominant importance for
∆G, and thus, in turn, governs tmax of inks based on non-
polar solvents.

The calculation of ∆G and its correlation with the
influence of GCC, PCC, and fine kaolin levels on tmaxfor a
weakly polar ink shows that it is possible to evaluate the
importance of coating structure compared to surface
energy contributions on ink/coating interactions. Further
investigations are required to verify to what extent ∆Gs
will be useful to characterize interactions of coatings
with polar solutions used in different types of printing
inks 
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