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Abstract

In the recent years, the demands for offset inks with better flow ability and viscosity have risen higher with the
improvements of printing techniques. To ensure uniformity in printability sheet after sheet it is very important
to maintain certain print conditions for that print job as approved by customers and use this data for future
reference of printing. The quality of offset printing process depends on many chemical and physical specifi-
cations of the materials and components involved in the process. Most important being printing inks and its
rheology. In this work, three process color cyan inks have been formulated with varying levels of viscosity with
use of certain rheology modifiers. Trials on the printing machine were conducted using a systematic layout of
test elements on a fully automatic offset lithography printing machine using a Solid Bleached Sulphite Board
(SBS) and the print results were correlated to rheological parameters such as viscosity and thixotropy. The tone
value increase (TVI) was measured and was correlated to viscosity and index of thixotropy. Higher viscosity
yields lower dot gain and better color reproducibility. A mathematical relation has been established between
ink viscosity, dot area and tone value increase. As the demands for packaging increases, the study about the ink
rheology and its effect on print performance can help printers and ink manufacturers with better ink formula-
tions to achieve precise print results.

Keywords: Ink viscosity, Tone Value Increase (T'VI), Shear Stress, Dot area

1. Introduction
Offset lithography print process is the most

tone value increase (TVI) and color are some
of the important response factors for quality

common and most widely used process for
printing on various paper and paperboards
and is widely used to print on higher gram-
mage paperboard used for cartons or box
making. A continuous tone photograph or im-
age is reproduced in a print process with help
of halftone dots of varying sizes to represent
the variations in visual impression of lightness
or darkness. Printing by offset lithography is
governed by number of factors. A change in
any of the factors results into a change in the
print parameters [1]. The layout, design and
color reproductions for a carton or packaging
box form crucial basis for acceptance or re-
jection of the cartons. Solid ink density (SID),
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control in printing. Dot area has the size of ink
area per unit printing area with unit of percent
(%). There are two reasons for increase in dot
size of the halftone: impact of the mechanical
action during the ink transfer between print-
ing cylinders and other is due to the scattering
of light beneath the dot that results into high-
er color intensity coming from them [2]. Phys-
ical dot gain is a characteristic of its process
or due to raw material in the ink that causes
change in the flow properties. Understand-
ing and calculating physical extension of dot
from its nominal value can be useful to cali-
brate printing presses for halftoning [3]. This
work covers the mechanical part of tone value
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increase due to one of the important raw ma-
terial in the print process which is ink. Print-
ing is the application of a thin film of a dye or
pigment dispersion in liquid with desired vis-
cosity to paper or polymer film [4]. As the con-
centration of ink increases, the flocculated na-
ture also increases that results into high shear
thinning which occurs due to interparticle at-
traction [5]. Inks with higher concentration of
pigments are short inks having shorter ink fila-
ment size and possess higher yield value. With
good rheology, it helps in better transfer down
rollers [6]. The rheological properties includ-
ing viscosity, thixotropy and viscoelasticity are
contributing factors in determining the quali-
ty. At lower shear rates, viscosity decreases and
reaches a plateau which is termed as zero shear
viscosity (n,). Due to breakage of flocs at high
shear, orientation of molecules and non-spher-
ical shape of particles in ink dispersions, vis-
cosity approaches another plateau named in-
finite shear viscosity (n_). The ink transfer on
the printing machines is controlled by infinite
shear viscosity, as the particle flocs present in
the inks segregate at high shear rate. The hys-
teresis loop is another important parameter to
evaluate thixotropic nature of materials. Dot
spread resulting into TVI occurs if thixotro-
py is too weak and it is difficult to transfer ink
if thixotropy is too strong [7]. Many printing
processes including screen printing especially
using silver paste also recommend higher vis-
cosity during printing which resulted into bet-
ter print resolution [8]. Color changes in print
result can be attributable to changes in ink vis-
cosity rather than process parameters [9]. Pre-
vious research shows a number of rheologi-
cal models being fitted to the flow curves of
inks. Bingham model used to fit flow curves
of emulsified inks and un-emulsified inks [10.
The experiments of shear stress and shear rate
was also studied using Bingham Exponen-
tial Decrease model in which they studied the
rheological properties of highly pigmented
inks at different temperatures [11]. The effect
of decreasing shear rate and increasing shear
rates on viscosity and parameters such as zero
shear viscosity and infinite shear viscosity was
studied using the Carreau model [12]. Casson
model was used to evaluate the flow behav-
ior of emulsified and unemulsified offset inks
by rotational tests. The yield point, viscosity at

infinite shear rate were calculated by the Cas-
son equation in their work [13]. In the offset
print process the splitting of ink film occurs
with the help of rollers rotating at same speed
which is governed by phenomenon of shear
thinning and viscoelasticity [11]. Ink splitting
on the rollers is an interesting phenomenon.
The passage of ink takes place between every
two rollers in contact. As the rollers rotate the
ink film is forced from the entry side of the nip
contact of the rollers due to high pressure. But
due to pressure lower than atmospheric pres-
sure at the exit side of the nip, cavitation oc-
curs and splits the film of ink into small fila-
ments [14]. Previous work deals with study of
viscoelastic behavior due to varying levels of
binder polymers, pigments and various rheol-
ogy modifying additives added in inks. Stress
sweep was conducted in the dynamic test and
higher critical stress indicated a stronger struc-
ture of the inks [15]. The rate of breakdown
and rate of build-up during the up and down-
curves respectively play a significant role es-
pecially in printing inks where it is important
that the inks should have a slow rate of break-
down on the rollers and faster build-up on pa-
per after printing [16]. As the viscosity of ink
increases, in our case due to the addition of
additives like fumed silica, the cohesive force
increases and so does the thixotropy of the ink
[17]. Yield stress is the minimum stress re-
quired for the ink to flow. Below this stress the
material is purely elastic [18].It is an import-
ant characteristic which explains the structure
of the ink. Higher viscosity has higher yield
stress, thus giving a stronger network struc-
ture to the ink [19]. Oscillating strain or stress
is applied and corresponding stress or strain is
measured. Dynamic strain sweeps are usually
carried out from 0.1 to 100%. The strain sweep
helps to check the strain % at which the mate-
rial behaves linearly. Oscillatory tests are done
over a range of frequency [20] [21]. Printing
inks are subjected to high shear rates during
the printing operation. These shear forces de-
velop high shear stresses. Hence it is neces-
sary to characterize the inks for their behavior
on the printing presses [22]. Clay thickeners
and fumed silica are added to inks to increase
yield and viscosity of inks [24]. Use of clay in
inks gives smoothness and gloss due to their
good rheology [29]. Offset inks are dispersions
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having high viscosity. The solid part of inks
comprises of pigments which constitutes 10-
20% by weight, resins 20-40% by weight, dis-
persed in an oil-based medium which usu-
ally constitutes 30-50% by weight. Additives
such as waxes, plasticizers are added to 10% by
weight [32].

A lot of work has been done on the chemical
and physical behavior of inks. But very less has
been done on the effect of rheology and flow of
ink on the print behavior in terms of dot gain
and color etc. The objective of this work is to
characterize the inks’ rheological properties
and correlate it to print parameters such as dot
gain.

2. Experimental Methods and Materials
2.1 Material

2.1.11Ink

Pigments, resins and solvent influence the final
properties of inks [23]. Phthalocyanine Blue
Alpha Form Pigment Blue 15 CAS No.147-14-
8 ink was used for the experimentation pur-
pose. Typical recipe of offset inks compris-
es of pigments dispersed in a vehicle system
of resins, solvents, additives and waxes and
their drying occurs by oxidation process and
by penetration process. Mineral Oil CAS No.

44

64741-91-9 and Rosin Modified Phenolic Res-
in has been used in the inks. The composition
of flow improver used in different percent is
castor oil ester. The base ink composition as in
Fig. 1 has been modified to obtain variation in
the viscosities of the 3 inks and they were fur-
ther analysed for their flow behavior and print
results.

Table 1 Base inks modified to achieve different flow
properties

Raw Material Ink Ink Ink
sample 1 | sample 2 | Sample 3
Base Ink (100%) 100.00 100.00 100.00
Fumed Silica (%) 0.00 0.00 5.00
Clay Thickener (%) 0.00 3.00 1.00
Mineral Oil (%) 0.75 1.00 2.00
Flow Improver (%) 0.00 0.50 0.90

Rheology modifiers such as fumed silica, clay
thickener, mineral oil and a flow improver
were added in percent to the base ink as giv-
en in Fig. (1) in proportions given in Table (1).
The viscosity at the lab during making of the
inks was measured by Larray Viscometer and
the results are given Table (2).

Table 2 Ink viscosities measured by Larray Viscometer
measured during ink manufacturing

Ink sample 1 2 3
Viscosity [Pa-s] 15 25 45

EPigment
Wetting Resin
Wetting Varnish
Structure Varnish

BVegetable Oil

11 E)Mineral Oil

W Anti-Skinning A gent

ERub Improver

B Drier

BLitho Improver

Fig. 1 Constituents(percent) of base ink
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2.1.2 Characteristics of SBS paperboard

Printing trials were conducted on solid
bleached sulphate boards (SBS) virgin fibre
grade of paperboard of 300 grams per metre
square (g/m?). The various optical such as CIE

Whiteness, ISO Brightness, ISO Opacity, col-
or of paper was measured in terms of CIELAB
and physical properties of the SBS paperboard
such as PPS Roughness, stiffness were mea-
sured. The values are presented in table 3.

Table 3 Characteristics of SBS paperboard used for print trials

CIE ISO ISO Porometrique | pH CIELAB PPS L& W Bending
Whiteness | Brightness | Opacity | density value Roughness | Resistance
(%) (%) (%) (um) (mN)
IL? a* b* MD | CD
129.06 94.57 99.89 0.32 74 | 9475 | 1.86 | -10.58 1.05 428 205

2.2 Rheological Tests of Inks

Rheology of 3 commercial offset inks supplied
by Huber Group (India) was measured using
a rheometer. The rheological measurements
were performed using a control-shear stress
(CSS) rheometer PHYSICA MCR 301 made by
Anton Paar with cone and plate (CP50) geom-
etry (cone radius: R=25 mm; cone angle: a=1°)
as shown in Fig. 2. All tests were carried out at
28°C. A fresh sample was used for each test.
Ink samples were placed on the plate of the
rheometer. The cone is lowered up till the de-
sired height and excess ink is trimmed from
the gap. The gap between the cone and plate
kept was 50 microns.

Flow curves of the inks were determined by
conducting a shear rate sweep to determine
the nature of the flow curve. The shear rate
was increased from 0.1s to 50 s for all 3 ink

Motor

samples. To avoid wall slip during measure-
ments, inks were not to subjected to high-
er shear rates beyond 50 s-1. Also, high shear
rates resulted into ink misting.

2.3 Experiments conducted on Offset
Machine

Printing was done using a test chart as given
in Fig. 3. The layout of test chart includes var-
ious patches of halftones starting from 10%,
25%, 50%, 75%, 90% and solid patch of 100 %
and skin tone (portrait in the test chart) which
was imaged using a thermal computer to plate
technology. KBA Rapida was the offset press
used and the speed of the machine used for ex-
perimentation was kept constant at 6000 cop-
ies per hour. Computer to plate (CTP) technol-
ogy was used to prepare plates of the test chart

Acta Graphica Vol 29, No 3 (2018)
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Fig. 3 Test chart with various elements used for print trials

to be printed. The halftone screening used
was Amplitude Modulation (AM) using 150
line per inch screen frequency and an ellipti-
cal dot shape while making the CTP plate. In
case of AM screening the size of the dots var-
ies but the space between the dots is uniform.
Machine room temperature was maintained at
23 °C. The machine condition was constant for
all trials. Each ink was printed separately us-
ing SBS sheets with a print density of 1.45 and
sampled for evaluation of TVI at the halftone
patches 10, 25, 50, 75, 90 and 100% placed next
to the image in test chart as shown in Fig. 3
using a Techkon SpectroDens Spectro-Densi-
tometer.

Spectro-densitometer was used under D50
standard illumination, ISO E density filter with
polarisation filter and 2°° observer angle with
measurement condition MO. The tone value
increase was measured using the Spectro-Den-
sitometer in the reflection mode. The total

increase including increase due to mechani-
cal and optical aspects were calculated by the
Murray-Davies equation. The fountain solu-
tion was prepared with pH 5.3 and percent-
age of Isopropyl Alcohol added was 6%. The
conductivity of raw water used was 100 micro
siemens and conductivity of prepared foun-
tain solution was 550 micro siemens. 15 ex-
periments were conducted with 3 levels of ink
and 5 levels of dot area. The experiments were
conducted to correlate the behavior of 3 inks
with varying viscosity and varying dot areas
to TVI. The relationship of dot area and TVI
and ink viscosity and TVI were analysed inde-
pendently and was also analysed using ANO-
VA in Minitab® to study the combined effect of
dot area and viscosity on TVI. As the objective
of the experimentation was to analyse and cor-
relate the effect of rheological characteristics to
various dot area in print, other variables have
not been included in this study.

Acta Graphica Vol 29, No 3 (2018)
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3. Results and Discussion

3.1 Effect of Shear rate on viscosity -
Steady state flow experiment

The shear rate ramp is a frequently used test to
measure the flow curve of any fluid. It is a ro-
tational test. The apparent viscosity of inks de-
creases with the increase of shear rate.

All 3 inks in Fig. 4 exhibit shear thinning be-
havior. The graph indicates that the inks have
different viscosities at low as well as high shear
rates. Ink sample 1 shows lower viscosity than
2 and 3 at zero shear rate. The degree of shear
thinning is different for all 3 inks. The pres-
ence of pigment particles in the vehicle affect
the flow property of the polymer [28]. The
inks indicate a flocculated nature exhibiting
resistance to flow at low shear rates but their
structure readily breaks down as shear rate in-
creases [24]. It is expected that the viscosity of
inks must be reduced for effective transfer of
ink on the paper surface, but very high rate of
shear thinning results into print quality prob-
lems such as extension of dot physically. Hence
a good structure of ink at high shear rates gives
better print quality. Ink sample 1 and 2 show
similar lowest viscosity at high shear rates
and is slightly higher for sample 3. The rheol-
ogy modifiers such as fumed silicas and clay
are fine particle sized solid powders which are

added in the ink samples 2 and 3 that help in
increasing the viscosity of the inks. Ink sam-
ple 2 has higher percentage of clay than 3. It
shows that it increases the initial viscosity but
is more shear thinning than sample 1 and 3.
Whereas addition of silica in sample 3 helps
in controlling the shear thinning. Controlling
shear thinning at high press speeds helps in
controlling the dot spread. Rheology modifiers
play a key role in inks rather than just increas-
ing the viscosity. They help in modifying the
rheology, stability of storage etc. [30].

3.2 Tone Value Increase (TVI) as function
of dot area at constant viscosity

There are a number of factors affecting TVI.
Increase in TV, results into distortion of tone
and color reproduction [31]. Printing ma-
chines run at high speeds during production
process. The breakdown of ink structure at
high shear rate causes the thickness of ink film
to reduce as it eventually gets applied on the
paperboard. For sample 1 and 2, lower shear
stress is required to break down the floccula-
tion and a lower ink viscosity thus will exhibit
more spreading [25]. The prints samples were
measured for optical density, dot gain, using
a Techkon Spectro-densitometer. From Fig.
5, it is seen inks 1 and 2 have high dot gain
whereas ink 3 has lower TVI. There is a strong

10000
1000 —I—In_lg Vigcosity
) 15Pas
Q:'-:.
()
£ 100 L
3 Ink Viscosity
W Y .Q
= y 25Pas
10
=—4—1Ink vigcosity
45Pas
1
0,1 1 10 100

Shear Rate 1/s

Fig. 4 Flow curve of 3 inks
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0 20 40

,,,,,,,,, Poly. (25
¢ Pag)
f y=-0.0073x2+0,7193x+0,8314

R:=0.9897

a0
Dot area %6

Fig. 5 Parabolic curve of dot area and TVI for 3 inks

correlation between ink viscosity and TVT as it
can be seen that as viscosity has changed from
15 Pa-s to 45 Pas, size of the dot has reduced.
Fig. 5 shows the relation between dot area and
tone value increase in the halftone areas of 10,
25, 50, 75 and 90 % for each of the 3 inks. The
highlight (10% and 25%), middle tone (50%)
and shadow areas (75% and 90%) of halftone
patches are selected for data measurement and
analysis which are a quick indication and rep-
resentation of a printed image [27]. The rela-
tionship indicates that TVI varies significant-
ly with dot area. Maximum TVI can be seen
in the middle tone areas (50%) and minimum
TVI is observed in ink sample 3. The graph of
ink sample 3 in Fig. (5) shows the TVI in high-
light as well as the shadow areas is lower than
the curves of sample 1 and 2. The halftones
printed by ink sample 3 would be sharper and
with minimum distortion. TVI varies with dot
area and this can be seen by the parabolic rela-
tion between these parameters. A generalised
parabolic equation is given in Eq. (1). The par-
abolic relation between dot area and tone value
increase as seen from the graph can be due to
the combined effect of physical and optical dot
gain [26].
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y=-0,009x2+0,882x+1,2024
R:=0,99
15 Pag
25 Pag
0082x24+0.8108x+1.0104
R:=0.,9914
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e Pag)
A
\ Poly. (45
3‘_ Pa.g)
80 100 120
Y=ax>+Px+y (1)

Plotting values of ink viscosity vs a, f and
y and substituting these values in the Eq. (1)
gives the relation of tone value increase and
dot area for the fixed parameter ink viscosity.
The new equation is

TVI = (0.00006i-0.0097) a + (-0.0053i +
0.9543) a + (-0.0119 i +1.3513) (2)

Where 7" is the ink viscosity and @” is the dot
area.

Substituting the values of ink viscosity and
dot area in the Eq. (2) gives us the calculated
values of tone value increase (TVI) in table 4.
Although TVI essentially is dependent on pa-
per’s surface properties, ink rheology, machine
condition that is a combination of physical and
optical reasons. In our experimentation apart
of ink viscosity, all other variables have been
kept constant. From Fig. (5) it can be seen that
the difference in the curves is primarily due to
the change in the ink viscosity.
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Table 4 RMSE values of actual and predicted values
of TVl as function of dot area at constant viscosity

3.3 Tone Value increase as function of
viscosity at a constant dot area

(Eq.2) , . o
Fig. 6 states the relation between ink viscosity
= g and TVI at highlight, middle tone and shadow
= g < "g 50 g areas. Eq. (3) states that TVI varies with vis-
5 = E i . . .
g P S TEC s cosity not linearly but with power. The coefhi-
2 2 z R-Ihals T . . .
g~ < s Ei=NE = cients in the equations at each of the dot areas
8| 8 3z 8 % 2 E* are varying depending upon the dot area. The
15 10 10,38 9.0 1793 nature of all the Pa-s. s in the Eq. (3) for ex-
15 - 1896 1754 0514 ample at all tone areas gives the measured and
5 ” 22' ; 22'91 0'170 predicted values of TVIL.
15 = 16.08 1728 1446 The relation of ink viscosity and TVI in the
15 " 552 562 0010 mid-tone areas (50%) as a case to understand
25 10 9.52 8.45 1.141 is given in Eq. (3).
25 25 16.5 16.47 0.0006
— -0.115
25 | 50 20.4 21.64 1.547 y =29.398x 3)
25 75 15.4 16.56 1.354
25 90 7.96 8.59 0.404
45 10 8.64 7.27 1.866
45 25 13.84 14.33 2.605
45 50 18.68 19.10 0.568
45 75 13.4 15.12 2.978
45 90 7.12 8.5378 2.010
Root mean squared value = 0.613
——10%
B v=29308x 0I5 25%
_ J B1=00076 50%
o 40 y=27.383x 016
v R2=0,0464 7504
3 1 5 -
g y=21,068x011 —&—90%
' R:=03866 ... Power
= 10 o - (10%)
= Cim— e @ —® y=13,533x 0113 Powel
v ~® pR2=(09873 (2594)
g s Powe
& y=11,073x 01 ‘:_‘:; :]'
R==0.9528 Power
0 (75%0)
0 10 20 10 50 éo T Power
(90%0)

Ink Viscosity (Pas)

Fig. 6 Effect of ink viscosity on TVI at constant dot area
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Table 5 Actual and predicted values of TVl as a
function of ink viscosity at constant dot area as
calculated from Eq. (3)

— o =

'g =S g = E 5 ED g

3 g | S £55s

£2| £ | 3E |Z8:% §

fE| 2| 35 |BEg2 %

= A < © O» &3 P
15 10 10.38 9.96 0.171
15 25 18.26 17.32 0.870
15 50 22.5 21.52 0.951
15 75 16.08 15.64 0.193
15 90 8.52 8.22 0.089
25 10 9.52 9.40 0.012
25 25 16.5 15.89 0.367
25 50 20.4 20.29 0.010
25 75 15.4 14.78 0.377
25 90 7.96 7.77 0.035
45 10 8.64 8.80 0.026
45 25 13.84 14.39 2.430
45 50 18.68 18.96 0.792
45 75 13.4 13.86 0.211
45 90 7.12 7.28 0.027

Root mean squared error = 0.218

Table 5 indicates the TVI for all dot areas us-
ing different equations for the dot areas. RMSE
values indicate a good fit of actual and predict-
ed values from the equation and the relation
shows that TVI varies with ink viscosity.

3.4 Tone Value increase as function of
viscosity and dot area combined
analysed statistically by ANOVA

Table 6 ANNOVA Table for Response Surface

Regression: TVI versus Ink Viscosity (Pa-s),
Dot area in %, Paper type

Source DF | AdjSS |AdjMS |F-Value | P-Value
Model 3 |360.987 | 120.329 | 992.74 | 0.000
Linear 2 | 20.143 | 10.071 83.09 0.000

Ink Vis- 1 9.011 9.011 74.34 0.000
cosity
Pa:s

Dot area 1 11.132 | 11.132 91.84 0.000
in %
Square 1 | 340.844 | 340.844 | 2812.04 | 0.000
(Dotarea | 1 |340.844 | 340.844 | 2812.04 | 0.000

in %)?
Error 11 1.333 0.121
Total 14 | 362.320

Acta Graphica Vol 29, No 3 (2018)

Table 7 Model Summary for TVI for 3 inks and SBS
paper type

N R-sq R-sq(adj) | R-sq(pred)

0.348151 99.63% 99.53% 99.34%

The regression equation for is given as below:

TVI = - 0.007651a2 - 0.06214i + 0.7362 a
+5.286 (4)

The ANOVA table 6 indicates all the main fac-
tors are significant as all the ‘p’ values are less
than a value is lower than 0.5. Higher value
of coefficient of determination (R-sq. 99.63%)
of variability can be explained by the ANOVA
model at 95% confidence interval are shown in
table 7. The Eq. (4) gives a relationship of TVI
on dot area and ink viscosity combined. The
actual and predicted values of TVI calculated
from the Eq. (4) has been summarised for the

3 inks and different dot area percentages in Ta-
ble 8.

Table 8 Actual and predicted values of TVl as a
function of ink viscosity and dot area calculated
from Eq. (4)

2 . = S g
‘B = =~ = =
<] < T D o @
g 8 | £% | E% 3
LS < 5 g 2 8 =
oS ° § = = = 2,
=58 =] = > O g 2]
15 10 10.38 10.95 0.325
25 10 18.26 17.97 0.080
45 10 22.5 22.03 0.214
15 25 16.08 16.53 0.204
25 25 8.52 8.63 0.014
45 25 9.52 10.32 0.655
15 50 16.5 17.35 0.732
25 50 20.4 21.41 1.030
45 50 15.4 15.91 0.260
15 75 7.96 8.01 0.003
25 75 8.64 9.08 0.199
45 75 13.84 16.11 0.026
15 90 18.68 20.17 0.097
25 90 13.4 14.66 1.607
45 90 7.12 6.77 0.119
Root mean squared error = 0.371
45



Original scientific paper

Correlation of ink viscosity and printability in offset lithography process on paperboard used in packaging

4, Validation of Models

The model developed through parabolic curve
equation at constant viscosity, the model de-
veloped between ink viscosity and TVI at con-
stant dot area and regression equation from
ANOVA have been validated after compari-
son of the actual measured data and calculated
TVI from the equation 2, 3 and 4. Fig. 7, 8 and
9 show a correlation coeflicient higher than 0.9

in all the 3 mathematical relations established.
The TVI extracted from the 3 different mod-
els correspond accurately to values of TVI ob-
tained from the printing machines during the
trials and satisfy the objective of establishing a
correlation between ink rheology and TVI, an
important characteristic useful to evaluate the
increase in the physical dot gain in printing.

L5 E-=0.9760
2
R*=0.9798 '
0 : T
- R=0.9405 .
= ' ® Tnk Viscosity
S ' 15Pas
= 15
FH 1 Ink Viscosity 25
— Pa.g
it
= 10 . Ink Viscosity 45
5 B Pas
R I R I I SR BRI Linear (Ink
’ Viscosity 15Pa.s)
Linear (Ink
0 Viscosity 25 Pa.g)
0 5 10 15 20 25
o Linear (Ink
Actual (Measured) TVI (%o) Viscosity 45 Pa.g)
Fig. 7 Actual and predicted TVI values for 3 inks using equation (2)
E:=0.0003 _.
20 Br=(9075 W7
RZ=0.999 & ® Ink Viscosity 15
@ & Pas
=1 "_ﬁ‘ Ink Viscosity 25
tf Pas
3
= Ink Vigcosity 45
- 10 .
3 1¢ it Pas
ke v
[
""""" Linear (Ink
5 Viscosity 15 Pa.g)
Linear (Ink
Viscosity 25 Pa.g)
1]
0 5 10 15 20 Linear (Ink

Actual (Measured) TVI %o

Viscosity 45 Pa.g)

Fig. 8 Actual and predicted TVI values for 3 inks using equation (3)
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25

R*=0,9966

20

=
w

10

Predicted TVI (%)

10 15

Actual (Measured) TVI (%)

e
>

X
R*=0,9976

Ink Viscosity 15

R?=0,9864 Pa.s
Ink Viscosity 25

Pa.s

Ink Viscosity 45

Pa.s

Linear {Ink

Viscosity 15 Pa.s)
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Fig. 9 Actual and predicted TVI values for 3 inks using equation (4)

5. Conclusion

The relation of ink viscosity and tone value
increase was analysed for different halftone
areas. Both ink viscosity and halftone areas
have significant impact on the tone value. The
mathematical relations between ink viscosi-
ty and dot area and dot area vs TVI was ana-
lysed independently and in a combined effect.
Results from the stress ramp test indicate shear
thinning behavior is prominent with inks hav-
ing higher concentration due to addition of
various rheology modifiers. Ink sample 2 and
3 contain clay and fumed silica. It can be seen
clay appears to increase the initial viscosity in
sample 2 but is more shear thinning than re-
maining of the ink samples. Whereas presence
of silica in sample 3 has helped in controlling
the shear thinning and consequently has re-
sulted into lowest tone increase. The highlight
areas at 25% and middle tone areas at 50% have
greater impact on the tone value increase due
to change in the viscosity. The total gain is at-
tributed to physical increase in dimension due
to spread of ink which occurs due to changes
in ink flow and the optical increase in dot size
results due to paper. As the type of paperboard
is only of a single type, the differences in dot
spread are attributed to ink viscosity. With the
help of the 3 models developed, the physical
increase in size of dot can be predicted if pa-
perboard is kept constant. The study shall help
ink manufacturers to characterise the inks in

terms of flow behavior on the machine to pro-
duce sharp prints. This research will also help
printers to select ink with appropriate viscos-
ity to be able to print with controlled TVI as
desired by print buyers. With good knowledge
of relation of ink behavior and print results,
this will help in reducing waste due to accurate
print results.
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