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The printability of offset printing inks strongly depends on their rheological properties, tack and water
pick-up behaviour. Six process magenta inks drying by oxypolymerization were tested. Two different
types of fountain solution were used for preparation of emulsions (one without alcohol and one with
the addition of 8 % IPA). The emulsions were characterised by the amount and rate of water pick-up.
The rheological properties (shear-load dependent flow and time-dependent bahaviour) of emulsions
and unemulsified inks were measured by rotational rheometer HAAKE RotoVisco 1 at different tempe-
ratures. The tack and misting of tested inks were measured by Tackmaster-92.

1. Introduction

The quality of offset printing process depends on
many chemical and physical specifics of the ma-
terials and components involved in the process.
The most important are printing inks (e.g. rheo-
logical properties, surface tension, temperature
behaviour), damping solution (e.g. water hard-
ness, additives, pH value, surface tension), print-
ing plate (e.g. surface tension of printing and
nonprinting areas, roughness), inking rollers and
its blankets (e.g. surface tension and roughness,
viscoelastic properties, ink acceptance and ink
transfer behaviour), printing press (e.g. design of
the printing, inking and damping unit, tempera-
ture control) etc. [1]

Offset printing inks printed on absorbing sub-
strates firstly dry by penetration and afterwards
by oxypolymerization. Oxidative drying of off-
set inks containing drying oils is effected without
additional units by molecular linkage with oxy-
gen from the air. Oxidative drying can be accel-
erated by catalysts such as cobalt or manganese
salts of oil soluble acids. Cobalt driers are “sur-
face driers”. The drying process is started on the
ink surface and slowly proceeds to the substrate.
Manganese driers are “through-drier”. Addition
of small amount of oxygen inhibitors provides
that inks do not dry in ink fountain (“semi-fresh
inks") or in inking unit (“fresh inks").

One of the most important properties of print-
ing inks are their rheological properties. Their
better understanding can determine processibil-
ity, help drive technology to better product qual-
ity, performance, and eventually growth in con-
sumer acceptance.

2. Experimental part

In this study, six magenta sheetfed offset print-
ing inks (supplied by Flint Group) drying by dif-
ferent speed were tested, three oxidative drying,
two semi-fresh and one fresh ink (Table 1). All
inks contain vegetable oils and two of them also
small amount of mineral oils (Novaboard 2C88
and Novavit 2F1). Emulsions were prepared by
using two different types of fountain solutions.
First of them is for alcohol free dampening (Dyna
Col AC388, PCO Printing Chemicals) and second
for alcohol dampening (Dyna Fount 426Ci, PCO
Printing Chemicals) with addition of 8 % isopro-
pyl alcohol.

Table 1: Magenta sheetfed offset printing inks tested in this work.

Name of product Drying Ink denotation
Novaboard 2C88 oxidation ox-2C88
Novavit 2F 1 Drive semi-fresh sf-2F1
Novaboard 2C990 Protect oxidation ox-2C990
Novavit 2F 100 oxidation ox-2F 100
MNovavit 2F918 Supreme Bio | semi-fresh sf-2F818
Novavit 2X800 SKINEX fresh f-2X800

Duke Ink Water Emulsification Tester Model D-10
(HDuke Enterprises, USA) was used for preparati-
on of emulsions. The emulsion properties were de-
fined by the amount of water pick-up and time
needed for achievement of saturated emulsion.
The method has been described in detail else-
where [2] and only a brief account is given here.
During the test, the 50 g of offset printing ink and
50 g of fountain solution was stirred (90 rpm) and
after every 90 turns of stirring tools amount of
water pick-up was measured.
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Table 2:
Duke water pick-up.
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Dyna Col AC388

0%-2C88 s-2F1

0x-2C980 | ox-2F100 | st-2F918 F2X800

E e (%) 76 51 31

50 51 56

t (min) 9 4 10

6 8 7

Dyna Fount 426Ci

ox-2C88 sf-2F1

0x-2C880 | ox-2F100 | st-2F918 F-2X800

Enax (%) 50 58 78

45 57 51

t (min) 9 5 10

5 7 6§

The flow behaviour and the viscosities of unemul-
sified inks and emulsions were measured on rota-
tional rheometer RotoVisco 1 (HAAKE, Germany).
All tests were done with a one cone-plate mea-
suring system (titanium cone with radius 10 mm
and angle 1°). Thermostat DC 30 (HAAKE, Ger-
many) was used for temperature control during
the tests. Flow characteristics were measured at
shear rates from 5 to 800 s' and at temperatures
20 and 32 °C.

The Tackmaster-92 (Kershaw Instrumentati-
on, USA) was used to measure the tack and mi-
sting characteristics of unemulsified inks and their
emulsions. The temperature of tackmaster rollers
was set to 32 °C for all measurements. The ink
was applied to the tackmaster with a small pipet-
te that holds 1.2 cm® and left at low speed (300
rpm) for 180 seconds to equilibrate. During the
tack measurement (10 minutes), the speed was 1
200 rpm. Misting was performed by way of pla-
cing a white paper behind the tackmaster rollers
which collects the mist for 10 minutes at 1 200
rpm. Measured parameter was dot area estima-
ted by Image Analysis method. The applied ink vo-
lume was triplicated (3.6 cm®) in comparison with
tack measuring. The detailed description of this
method is described elsewhere [2].

2.1 Emulsions

In Table 2 are summarized the results of the
amount of water pick-up (E__) and time (t) need-
ed to achieve saturated emulsion (1 minute = 90
turns of stirring tools). From the Table 2 is appar-
ent that there are significant differences between
magenta inks. The amount of maximum water
pick-up E__ is between 45 and 81 % (into 100

g of inks is emulsified 45-81 g of fountain solu-
tion).Time needed to achieve of saturated emul-
sion lies between 4 and 10 minutes. Offset inks
that pick-up higher amount of fountain solution

can have tendency to scumming (mainly Nova-
board 2C990 Protect).

2.2 Flow curves

To determine the behaviour of unemulsified inks
and emulsions at low and medium flow veloc-
ities, rotational tests were run at shear rates
5-800 s and curve fitting with rheological mod-
el function was applied. Characteristic of tested
inks were evaluated by means of Casson mod-

el function:

05 =7, 05 4m_ 0505 )

where 1 is shear stress (Pa),t, Casson yield point
(Pa), m_ Casson viscosity (Pas) and y shear rate
(s"). [3] In Table 3 are summarized parameters
of Casson model for unemulsified and emulsified
inks at temperatures 20 and 32°C.

The temperature heavily influences the behaviour
of the ink flow. All tested inks show significant
decrease of T, and m__. Difference between un-
emulsified inks and emulsions at 32°C was pri-
marily in parametr n__. In all cases the estimat-
ed values of n__ were lower for emulsions than
unemulsified inks. The parametr T, /n__ de-
scribes the tendency of inks to mist. Inks with
higher quotient T, /m_ has lower tendency to
mist than inks with lower T, /m_ . From table 3
is apparent that the quotient T, /n__ of unemul-
sified inks decreases with increased temperature
(the unemulsified inks will have higher tendency
to mist at temperature 32°C than at 20°C) and
at the same temperature (32°C) unemulsified
inks have lower 7, /n__than emulsions (emul-
sion will have lower tendency to mist than une-
mulsified inks). Results of mist values (dot area
of mist droplets) of unemulsified and emulsified
inks are summarized in Table 6 (chapter 2.4).



Table 3:

Characteristic of unemulsified and
emulsified inks evaluated from flow
curves.

2.3 Thixotropy

Thixotropic behaviour means the reduction in
structural strength during the shear load phase
and complete structural regeneration during

the subsequent rest phase. Thixotropy is a de-
crease in the apparent viscosity under shearing,
followed by a gradual recovery when the shear
is removed. The effect is time dependent. If the
viscosity reduces and immediately returns after
shearing, the material is not thixotropic but just
'shear thinning'. Substances change from a high
viscosity gel to a much lower viscosity sol under
exerted high shear during a test period. For real
thixotropic substances the transformation from a
gel to a sol and conversely is reversible. [4]

In our experiment, thixotropy of unemulsified
and emulsified inks was evaluated by method of
viscosity regeneration. The test was divided into
three intervals, the first interval with y =2 s for
1 minute, the next interval with y = 400 s for
30 seconds and the last interval with y = 2 s for
3 minutes. From the first interval, when the vis-
cosity was almost constant, 1 (100%) value was
determined. From the third interval (after 3 min-
utes) the percentage of regeneration was calcu-
lated. The temperature during the measurement
of viscosity regeneration was 32 °C. Figure 1
shows typical progress and evaluation of viscosi-
ty regeneration during the test (unemulsified ink
Novaboard 2C88).

The rate of recovery is an essential factor for
levelling the ink on the substrate. The results of
viscosity regeneration of unemulsified and emul-
sified inks are summarized in Table 4. Unemul-
sified inks show faster regeneration of viscosity
than emulsions after 180 s. Faster regeneration
(Novavit 2X800 SKINEX) facilitates the ability to
achieve the required layer thickness, as the ink
film strength is reached in shorter time. A slower
rate of structural regeneration offer a good lev-
elling behaviour, but too slow rate can cause an
increase in dot gain.

Table 5: Tack of unemulsified and emulsified inks.

Inks ta (s) T, (g} Tz (g/my Ts (g/m)
ox-2C88 35 149 14.0 14.5
0x-2C88 & D-Col 50 14.7 14.6 154
0x-2C88 & D-Fount 34 141 139 146
st-2F 1 29 174 16.1 164
st-2F1 & D-Col 40 153 14.7 15.1
s-2F1 & D-Fount 41 15.8 153 154
0x-2C890 34 151 131 131
0x-2C890 & D-Col 44 122 116 1.7
0x-2C890 & D-Fount 45 14.1 139 14.0
ox-2F 100 40 146 142 144
0x-2F 100 & D-Cal 34 136 13.0 131
ox-2F 100 & D-Fount 43 134 13.0 137
s-2F918 31 17.9 16.0 164
52F918 & D-Col 41 134 130 135
s2F918 & D-Fount 40 142 136 136
-2X800 36 132 12.2 123
£2X800 & D-Col 40 107 105 11.0
£2X800 & D-Fount 40 10.9 105 11.0

Unemulsified inks Emulsions
N . 32°C 32°C
07 e (D-Col) (D- Fount)
T (Pa) 264.9 35.0 1375 234
M. (Fas) 502 247 3.0 108
0x-2C38
Rz 1,991 0.006 0933 0.997
Tog f 1) wc 527 343 17.02 220
Tac (Fa) 1853 389 1031 95 6
M. (Fas) 639 275 56 43
sf2F1
Rz 0995 0997 0987 0978
Toc/ 1ec 259 142 18.09 2206
Tac (Fa) 3246 1239 1205 1164
M. (Pas) 571 213 43 34
0x-2C990
R2 10,994 0007 0475 0976
To f 1) wr 567 5.80 2473 34.81
T (Pa) 2878 477 537 59.1
w (P
T Mg (Pas) 437 312 a6 6.4
Rz 0879 0997 0992 0992
Toe F 1) we 658 152 1465 Q722
T (Pa) 2059 905 1111 9.7
M. (Pas) 47 8 242 9.4 5.3
sR2F918
R 1,993 0007 0903 0958
Tog f T er 432 373 11.75 1457
T (Pa) 5822 322 1085 245
w (P
£ %800 Mg (Pas) 513 2685 25 55
Rz 0874 0987 0984 0997
Tac f Nec 1134 121 4231 445

Table 4: Percentage of viscosity regeneration for unemulsified and emulsified inks.

Inks Unemulsified ink [%) Emulsion D-Col (%) | Emulsion D-Fount (%)
o-2C83 774 411 7032
sf-2F 1 752 433 40.1
0x-2C980 536 487 436
ox-2F100 792 533 563
sf-2F918 571 428 439
2X800 732 710 842
2 -
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Table 6: The comparison of inks misting.

t (min)

ks Dot area of mist droplets (%)
Unermulsified ink Emulsion D-Cal Emulsion D-Fount
ox-2C88 528 108 186
sF2F1 594 109 098
0x-2C990 439 140 1.07
0x-2F 100 244 033 0.51
sF2F918 9.76 460 222
F-2X800 339 182 21
Figure 2: Evaluation of tack.
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2.4 Tack and misting

Tack is the force required to split ink film be-
tween two rollers. Tack is an important property
in the inking system as well as in the ink/paper
interaction and in the ink trapping for multi-col-
our printing. In order to trap properly, first print-
ed ink should have a higher tack than that of the
following one. [4]

Figure 2 shows typical progress and evalua-
tion of tack. The tack of the ink was character-
ised with three parameters (the maximum at in-
itial stage (T,), the mean value from the stable
middle region (T,) and the final tack at the end
of the test (T))). In Table 5 are summarized the
results of tack for unemulsified and emulsified
inks at 32 °C. High tack is generally desirable,
but if the tack is too high it could cause picking
(fibres are pulled out of the paper).

Misting, the tendency of ink to fly away from
the rollers, was also evaluated on Tackmas-
ter-92. Misting can result in colour contamina-
tion and servicing problem for the operator. Pa-
pers with misted ink were captured by CCD cam-
era JVCTK-1070E and obtained images were an-
alyzed by Image Analysis method (software Ana-
Tis2). The evaluated parameter was dot area of
mist droplets. In Table 6 are summarized the re-
sults of misting of unemulsified and emulsified
inks at 32 °C.

Emulsified inks misted much less than une-
mulsified inks (at the same temperature) and the
mist droplets were smaller compared to those
of unemulsified inks. The lower misting of emul-
sions is in agreement with results from rheolo-
gy measurements (parameter T, /m_, see chap-
ter 2.2). The results of misting of tested inks are
similar except ink Novavit 2F918 Supreme Bio.
This ink has much higher tendency to mist than
the others. The comparision of inks (unemulsi-
fied and their emulsions) with the highest (No-
vavit 2F918 Supreme Bio) and lowest (Novavit
2F100) tendency to mist are shown on Figure 3
(see next page).
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3. Conclusion

The rheological properties, tack and misting of
six magenta sheetfed offset printing inks (un-
emulsified and emulsified) which dry by diffe-
rent mechanism, were investigated. Tested inks
contain vegetable oils and two of them also mi-
neral oils. Estimated characteristics were most-
ly similar and none of the inks have all proper-
ties markedly better or worse than the others.
From press operators point of view this is a po-
sitive result.

Results of fountain solution emulgation into
offset printing inks have shown significant dif-
ferences between tested inks. The variety of ma-
ximum water picked-up was from 45 to 81 %.
Highest amount of fountain solution picked-up
ink Novaboard 2C990 Protect (oxidative, vege-
table oil based ink). Offset inks that pick-up lar-
ger amount of fountain solution can have ten-
dency to scumming. The rheological study has
proved significant decrease of evaluated para-
meters (., n_.and quotient T /m_ ) with in-
creasing temperature. The unemulsified inks
have shown higher misting at higher tempera-
ture (due to lower quotient T, /m_ ). In compa-
rison of unemulsified and emulsified inks, the
emulsions will have lower tendency to mist (it
was confirmed by measuring of misting droplets
on Tackmaster-92, chapter 2.4). The misting of
tested inks (at temperature 32 °C) was very si-
milar except ink Novavit 2F918 Supreme Bio.
The tack of ink emulsions was in range from 13
to 15 g/m (usual value of tack of offset printing
inks), except of fresh ink Novavit 2X800 SKINEX
that exhibited lower tack (10.5 g/m).

Acknowledgement

This work was supported by the Ministry of Edu-
cation, Youth and Sports of the Czech Republic,
project No. MSM 0021627501.

tion”, Master Thesis (in Czech), University of
Pardubice, Czech Republic, 2010.

[3] Mezger T., “The Rheology Handbook”, Curt
R. Vincentz Verlag, Hannover, 2002. ISBN
3-87870-745-2.

[4] Kaplanova M., Remenarova K., Jasurek B.,
Valis J., “Study of the rheological behaviour
of conventional, hybrid and UV ofset inks”,
34th International Research Conference (Ad-
vances in Printing and Media Technology),
Grenoble, France, 2007, pp. 101-108. ISBN
978-953-7292-04-1.

(first received: 23.09.2010)

Bohumil Jasurek Jan Valis

Department of Graph-
ic Arts and Photophys-
ics, Faculty of Chemi-
cal Technology, Univer-
sity of Pardubice,
Studentska 95,

53210 Pardubice,
Czech Republic

bohumil.jasurek@
upce.cz

Department of Graph-

ic Arts and Photophys-

ics, Faculty of Chemi-

cal Technology, Univer-

sity of Pardubice,
Studentska 95,
53210 Pardubice,
Czech Republic

jan.valis@upce.cz

Tomas Syrovy

Department of Graph-

ic Arts and Photophys-

ics, Faculty of Chemi-

cal Technology, Univer-

sity of Pardubice,
Studentska 95,
53210 Pardubice,
Czech Republic

tomas.syrovy@upce.cz

Bohuslav
Jablonovsky

Department of Graph-
ic Arts and Photophys-
ics, Faculty of Chemi-
cal Technology, Univer-
sity of Pardubice,
Studentska 95,

53210 Pardubice,
Czech Republic

23



