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Abstract: Transfer of publication gravure inks takes 
place in the low shear region of 0.01 - 300.0 sec-1. Com
parative studies of inks show that psuedo-plastic flow in 
this region, without excessive solvent evaporation, can 
greatly improve transfer which is evident in a more faithful 
dot reproduction. This is especially true for the mid to 
1 ight tones. Photo-micrographs and viscosity studies on 
the Haake RV100/CV100 Viscosimeter show this to be the case. 

Publication gravure inks must typically run at high speeds, 
in the range of 2000 ft/mi n. (10m./sec), provide extremely 
fast drying and maintain faithful reproduction of midtones, 
and even more importantly the light tone areas. Ink vis
cosities are of the order to 5-7 centipoise and relatively 
Newtonian at 30°C. 

Competing with gravure in the publication printing industry 
is the web 1 ithographic process. Web 1 ithographic inks are 
characterized by relatively high viscosity and the ability 
to print discrete dots in the mid to 1 ight tone areas. 

A comparison of properties for these different printing 
techniques is instructive: 

High speed prtg. 

Plate 

Drying 
Characteristics 

Table I 
Web Offset 

Indirect 
1000-2000 ft/min. 

Planographic 

Solv. Evap. 
final oven temps. 

200-300°C 

Gravure 

Direct 
2000 ft/min. 

Engraved Cylinder 

Solv. Evap. 
warm air 30-35°C. 

between units 
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Apparent 
Vi scos ity 
30°C 

ps uedo-plastic 
5000-10,000 cp 

Newton i an 
5-7 cp 

Yield Stress (I) 1000-2000 dynes/cm2 virtually 
none 

(1) Yi e ld s tress i s def ined as the s tr ess (force) 
required to initi ate f l ow whe n s t a rting at very 
l ow rat es of s hear . Th e values given in thi s 
tabl e are the result s of actua l laborator y t est ing. 

Gravure p rinting hi s torically ha s had di s tinct advantages 
in continuou s tone reproducti o n . With th e expanded use of 
mechanica ll y e ngraved cylinders printabi 1 ity problems are 
be i ng e nco untered in the mid to li gh t tone areas. As 
Table I indicates ink s f o r the gravu re process must be o f 
low viscosity and r e l ease so lvent rapid l y through evapo ra
tion. Each cell mu st print sha rpl y after being e~pose d . to 
shea r rates in excess of 100,000 sec. -1 . I f the 1nk dr1es 
too fa st, it wi ll t e nd to p lu g the cell s thereby reducjng 
transfer in that area and wil l show up in the form of 
mi ssing dot s in the mid to 1 i ght tones. An exampl e of 
ca lcul a ting approximate s hea r rat e i n sec - 1 is as follows: 
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A roller passing unde r a doctor blade a t 1000 em/sec 
and de pos iting a film of 100 microns (0 .01 em) wi ll 
create a s hea r rat e of 1000 em/sec divid e d by 0.01 em 
= 100,000 sec -1 . 

shear 



The purpose of this paper is to investigate: '~hat 
actually takes place just prior to the instant the ink 
transfers from the cylinder to the paper?" At this point 
there is no shearing action taking place and therefore the 
shear rate is essentially "0". \.Je would like to know the 
rheological profile of the ink at this point. Since this 
is an area that can't be measured directly, our study 
covers the range of 0.01-300 sec-1. This range also 
approximates the shear rates which occur in the bulk 
fountain ink. 

Solvent evaporation from conventional gravure ink produces 
increased viscosity and length, which is an undesirable 
type of rheology for faithful transfer. What is wanted is 
a formulated rheology comparable to the high yield stress 
which is present in a modern web lithographic ink. If this 
is done, solvent evaporation during the inking process is 
also reduced without affecting the final drying rate. This 
should definitely enhance the mid to light tone cell re
production. A prototype ink was developed using this 
approach and compared to a standard gravure ink. 

The instruments used in this study were: 

1) Microscope- Bausch and Lomb Stereo zoom with 
maximum 70 X magnification. 

2) Haake RV100/CV100 programmable viscometer with 
rotational and oscillatory capabilities. 

3) Sensor System - Mooney Ewert (ME-30) 

Bob and cup with cone shaped base (Fig. I) utilized 
for all testing due to its high sensitivity to 
shear stress. 

The standard ink gave acceptable prints visually across the 
entire tonal range. Close examination under the microscope 
revealed that the mid to 1 ight tone areas were actually 
missing some dots and the more densely populated areas 
were smudged furnishing a more nearly solid print. (Photo
graph 1A and 1B). A similar photo-micrographic examination 
of the specifically designed prototype ink showed that the 
missing dots had now printed and the smudged area was 
printing sharp and clean. (Photograph II A and B) This 
comparison raised some interesting questions: 

1) How much had we slowed down the solvent evaporation, 
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if at all? 

2) Had we, as planned, increased the structure in the 
low shear region? 

3) What did the Rheological profile look 1 ike and 
could the difference from the standard ink be 
measured? 

4) Having modified the ink accordingly, could we make 
further improvements? 

Utilizing the Haake RV100 Viscosimeter the rheological 
changes were measured at constant and increasing shear 
rates over the previously referenced ranqes. The standard 
and prototype ink were run at 300 sec. - at 30°C. for 
1 hr. on the ME-30 and the viscosity change measured: 

Table II 

Constant shear rate - 300 sec- 1 

Visc.-cp #2 shell 
t=O t=l hr. % change Cup 

standard ink 6.1 ].0 14.75 18 sec. 

prototype ink 5.6 5.85 4.5 18 sec. 

The slope of the standard ink is steeper as seen in Graph 1-
The Mooney-Ewert system is enclosed to minimize evaporation, 
but under these conditions there was st i 11 more evaporation 
from the standard. This confirms that we have indeed 
decreased the evaporation rate and can at least partially 
account for the results thus far seen. 

Since at this shear rate there is no apparent difference 
in the two inks, a test was run in the low shear range from 
0-3 sec-1 at 30°C. Graphs 2-4 show the difference in the 
structure of the inks individually and compared to each 
other. It can readily be seen that the prototype ink was 
shear thinning below 0.1 sec-1. This change combined with 
the lower evaporation rate would account for the sharper 
dots and cleaner mid to 1 ight tones. The structure present 
in the prototype ink should not be confused with true yield 
stress. Graph 5 shows a plot of shear stress versus shear 
rate. It is readily apparent that flow is initiated 
immediately for the prototype ink and therefore does not 
fulfill the requirements for true yield stre~s. 
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Rheologically, it has been shown that for the prototype ink: 

1) Evaporation is reduced. 

2) Structure was introduced at the low shear end. 

3) The differences are measureable and can be seen 
in the printing properties of the ink as well. 

In answer to the last question another experimental ink 
was made increasing these same properties. Graph 6 shows 
that at constant shear of 300 sec-1 the shear thinning 
profile is also present. Running at constant shear for 
1 hour shows an initial decrease in viscosity to 33 cp. and 
a further buildup to 34 cp., due to solvent evaporation. 
This is only a 3% increase which is 30% Jess than the 
original prototype ink. The viscosity however, is 600% 
greater at this shear rate. Graph 7 shows that at 30 sec-1 
the shear thinning is even greater since the lower end is 
now magnified 10 times. Viscosity has reached approximately 
11000 cp. below 1 sec-1 Graph 8 is a recovery curve. The 
ink is initially sheared at 300 sec-1 for 12 minutes and 
then the shear rate is reduced to 0.3 sec-1 It is readily 
apparent that this ink recovers immediately to 4500 cp. 
from 34 cp. Photo micrographs of this ink show we have 
still maintained the print quality of the original ink. 
(Photographs I I I A and B) 

Graphs 9 and 10 are Lissajous figures developed using 
oscillation imposed on rotation of the ME-30 cup and bob. 
(Lissajous figures are circle I ike figures produced by 
the sine wave affect of the oscillation.) A purely viscous 
material will always give a circle 1 ike figure since the 
shear rate is in -phase with the shear stress. A visco
elastic material however, will give elliptical figures 
which shows that the shear rate is out-of-phase with the 
shear stress. 

Graph 9 shows that the standard and the original prototype 
ink superimpose on one another. These inks are still 
essentially viscous fluids. Graph 10 shows the experimental 
ink and how it breaks down from it's original visco-elastic 
structure to a more viscous material. This is also a 
portion of the large structure breakdown at increasing 
shear. 

This paper has shown that the formulation of a structured 
gravure ink has improved the print qualities, especially 
in the mid to 1 ight tone areas. 
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Figure 1 

Mooney- Ewert 
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