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Measures for the elimination of the isopropanol content in 
lithographic dampening systems by using optimised fountain 
solution technology in interaction with newly developed 
dampening roller coatings 

For several years VEGRA GmbH, Aschau am Inn, have 
dedicated intensive research into the interrelationship 
between dampening roller surfaces and optimised fountain 
solutions in film dampening units of offset presses. The 
gradual reduction of alcohol in the fountain solution was the 
principle aim. 

At the beginning of 1996 Johannes Hößl B. Sc. (Eng.) 
joined VEGRA as a specialist in alcohol reduction in printing 
presses. J. Hößl who wrote his thesis at the Munich 
Technical University, developed an intensive investigation 
programme with regard to special roller coatings. 

 
Majoring on the theme: "Start up and optimisation of a test facility for dampening units 
supported by tensiometric examination of surfaces and dampening agents for printing 
technique" J. Hößl scrutinised and measured various types of roller coatings. Besides 
different chrome coatings he investigated ceramic coatings based on chromium oxide/ 
titanium dioxide, zirconium oxide / silicon dioxide and silicon dioxide / aluminium oxide in 
interaction with different types of fountain solutions.  

The research work showed a successful start and VEGRA decided to make use of 
J.Hößl's knowledge in order to build a purpose designed test facility for dampening 
rollers on which practical and dynamic tests can be carried out. 

Technical Standard 

 
The effect of isopropanol (IPA) in fountain solutions and the theory of dampening 
mechanisms (surface tension polar / disperse, wetting angle, progressive angle, pull 
back angle, dipole nature of water) of roller surfaces has been described only recently 
in numerous publications. For example the essays of Endisch, M. / Johner, G.: Low 
alcohol offset printing with newly developed ceramic rollers in the dampening unit 
(Deutscher Drucker No. 5 of 1 Feb. 96, pp w2 - w8); (Deutscher Drucker No 40 of 26 
Oct. 95, pp. w2 - w8); (Deutscher Drucker No. 42 of 9 Nov. 95, pp. w2 - w8) offer a 
comprehensive survey on the wetting of roller surfaces with and without IPA 
(isopropanol alcohol) as well as on the technical use of roller coatings.  



 
For the IPA free and/or Iow IPA offset printing, the surface energy should be at least as 
high as, or higher than that of water. Besides, a high percentage of this surface energy 
should be of a polar nature, in order that the polarity of water is used for the 
dampening process. A certain degree of roughness and micro-surface-pores are 
desirable, since the water transport is better than on polished smooth surfaces. 

Within the technical operation rollers with hard-chromium plated surfaces were tested. 
The layer thicknesses are between 100 µm and 500 µm depending on the range of 
use. A layer thickness of 150 µm to 200 µm has proved to be most advantageous from 
the economic and technical point of view. A cross-section through a chromium layer of 
150 µm is shown in fig. 1. 

 

Fig. 1: Cross-section through hard chromium layer (thickness 
approx 150 µm} 

The hard chromium layer shown in Fig. 1 is a so-called "triplex-layer", which has been 
performed by putting on 3 layers of chromium, one on top of the other. The covering 
layer is etched using a special procedure in order that a microcrazed network is 
created. The microcrazing of the chromium layer is shown in Fig. 2. It can be 
characterised as follows: 

- average depth of crazing 20 µm - 30 µm;  

- average width of crazing 1,5 µm - 2,0 µm;  

- number of cracks 800 / cm. 



 

 

Fig. 2: Network of microcrazing of the top chromium layer 

A triplex chromium layer has the following advantages over a simple or double 
chromium layer: 

- Very good assurance against corrosion, since there is no continuity of 
crazing into the steel body of the roller, as in case of simple and double 
chromium coating. 

- The network of microcrazing of the 3rd layer is deliberate. Through a 
special etching process a consistent and repeatable microcrazing is 
obtained. 

- The consistency of the 3rd chromium layer produces a surface with 
high mechanical resistance. 

After etching the 3rd chromium layer the roller is polished with high precision to a 
roughness (Rz) of approx 0,5 µm. With this Iow degree of roughness the water is 
transferred. The mechanical wear generated by the contact with the form roller and the 
metering roller, is very Iow. 

Recently it has been discovered that all chromium layers are not the same. In contrast 
there are new chromium layers with a significantly higher polar component than the 
values known for conventionally etched chromium. 

These more distinct hydrophilic features are achieved through: 

- Optimised bath composition for the galvanic production of triplex 
chromium. 

- The use of special chemicals for the production of a 
reproducible microcrazing in the 3rd chromium layer. 

- Intentionally reduced density of crazing at the roller ends in order to 
overcome build up of excess water. 

 

 



 

Fig. 3:  Formation of the crazing network structure on the ends of the 
 hydrochromium and the conventional chromium rollers 

Furthermore it was necessary to find an answer to the question, how long does a roller 
retain its hydrophilic properties during the printing process? An explanation is 
provided by surface related electrical capacity cp [µF/cm2], which is also referred to as 
electrochemical impedance. Fig. 4 shows the surface related electrical capacity cp in 
µF/cm2 dependent on time (days) for hydro-chrome and standard chrome coatings. 

 

 

 

 

 

 

 

 

 

 

Fig. 4:  Electrical capacity cp for various chrome surfaces depending on the  
  production days  



The new hydrophilic chromium coating has a considerably higher cp value which is 
within a magnitude of 10-6 µF/cm2, whereas standard chromium with a comparable 
depth of roughness shows a cp value between 10-8 and 10-9 µF/cm2. 

Exhaustive investigations and practice tests confirm that it is not only the static and/or 
dynamic measurements of the wetting angle (cf. e.g. "Low alcohol offset printing with 
newly developed ceramic rollers in the dampening unit", Deutscher Drucker No 5 of 1 
Feb. 96, p. w2 ff.) that are responsible for good wetting and transport of fountain 
solutions in film dampening units, but also the geometry and the density of crazing of 
the top chromium layer. 

A schematic representation of the microcrazed structure of the new hydrophilic 
chromium (hydro-chrome) compared to the conventional chromium can be seen in 
Fig.5 

 

 

 

 

Fig. 5: Schematic representation of the microcrazed structure of conventional 
 chromium and new hydrophilic chromium (hydro-chrome) 

Investigations have shown that during the printing process ink, paper dust and other 
impurities stick to the sharp edges of the conventional chromium and fill the recesses 
of the micro network relatively quickly. With the new hydro-chrome these deposits 
seldom occur since the surface pattern is evenly rounded and smooth. 

Despite similar wetting angles, the transport of fountain solution with conventional 
chrome is greatly reduced due to its Iower reservoir capacity. Causing a drastic drop of 
the electro-chemical impedance. 

Further conclusions can be drawn from Fig. 4: 

- Hydro-chrome does not alter its hydrophilic characteristics even if the printing     
demand is high. 

- The hydrophilic capacity of hydro-chrome is almost not influenced by surface 
roughness. 

- After a short printing time conventional chromium loses its hydrophilic 
characteristics. The diagram shows that, depending on the depth of roughness 
(Rz) the hydrophilic characteristics are lost almost completely. 

 
- The hydrophilic character of conventional chromium is strongly influenced by 

the surface roughness.  



It can be concluded that the new hydrophilic chromium layer is definitely superior to 
the conventional chromium layers, both in its hydrophilic basic characteristics and in 
the long term test. Whilst conventional chromium is influenced by surface roughness 
with regard to surface wear this does not influence the hydrophilic characteristics of 
the new chrome-roller generation. 

As a continuation of J. Hößl's thesis, and starting from the hydro-chrome-surfaces, 
high vacuum coatings with silicon were applied to the prefabricated chrome layer and 
subsequently completely oxidised, the result is a 0.5 µm thick silicon-dioxide-layer on 
the finished (polished) chrome layer. With the help of this so-called plasma-CVD-
process (Plasma-Chemical-Vapour-Deposition-Process) the SiO2 layer is applied with 
high precision, without generating a change in the resistance to wear or the hardness 
of the chrome layer, on the contrary: an additional corrosion protection with increased 
hydrophilic characteristics is reached. 

These very thin SiO2 layers show extremely good wetting characteristics with the 
surface energy over 72 nN/m (water). This layer system is ideally suited as a surface 
for dampening rollers. 

Film rollers in dampening units for offset presses often have a ceramic coating. The 
transfer ability of the ceramic rollers is comparable with the chrome rollers, depending 
on the ceramic coating. A high amount of fountain solution can be transported. The 
transported film is thin and homogenous. 

 

 

 

 

 

 

 

Fig. 6: Surface topography of a ceramic coated (aluminium oxide / silicon 
dioxide)film roller (magnifying factor V at a) V=200:1, b) V= 1000:1, 
c) V= 5000:1) 

Various spray techniques by using 

 

- chromium oxide / titanium oxide  
- zirconium oxide / silicon dioxide 
- silicon dioxide / aluminium oxide 

 



 
enable - at least theoretically - the complete elimination of the isopropanol content in 
the lithographic dampening system. 

In order to optimise the corrosion protection, the capillaries are coated with hydrophilic 
sealers. The selection of corresponding spray ceramic-chemicals is important and has 
to be used in relation to the system. 

With the help of the diagram of the test equipment, fountain solutions can be tested on 
all manner of roller surfaces under practical conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Principle of a dampening unit simulator 
 

The test equipment has a variable and modular construction so that different film 
dampening unit constructions with various roller coatings and fountain solutions can 
be tested at production speeds of up to 20 m/s. 

At production speeds of over 15 m/s a 4th dampening unit roller can be necessary (in 
Fig. 7: shown in orange). It takes over the function of a dampening form roller or, at 
production speeds below 15 m/s the function of a rider roller. 

The fountain solution film is transferred via the form roller onto the plate cylinder and 
the blanket cylinder. With a specially developed vacuum suction the fountain solution 
film is drawn off the blanket cylinder surface. 

 

 
The thickness of the fountain solution film is measured and recorded via a highly 
sensitive laser measuring system over the whole length (400 mm) of the 
metering roller with a theoretic accuracy of ± 1 µm (see also Fig. 7). Cording 



patterns can be determined with high precision. 

The transported fountain solution film can be calculated using the fountain 
solution strength, the circumferential speed, and the return flow measuring. With 
this the fountain solution balance can be achieved. 

The construction of the dampening unit is performed by servo driven motors 
which adjust the rollers in relation to one another with high precision. This 
enables the simulation of the many different dampening system designs in use in 
the printing industry. 
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