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Introduction 
 
Offset printing has established itself as the dominant printing process for a large range 
of printing applications including newspapers and magazines. In offset printing, an 
ink-containing solution and a water-containing solution are simultaneously applied to 
a printing plate surface whereby the ink is adhering to the oleophilic areas, and the 
water-containing solution is taken up in the hydrophilic areas and hence the ink is 
rejected in these areas. All printing plates are made with aluminium as a substrate 
material, except for a few niche offset printing applications. The choice for rolled 
aluminium is due to the fact that its oxide is hydrophilic, it is low cost in comparison 
with alternative substrate materials that can meet the stringent flatness and surface 
condition requirements, and that it has a high recycling value. The rolled aluminium 
from which printing plates are made has a typical thickness of 0,3 mm and is known 
as lithographic strip. The market for lithographic strip is about 500.000 tpy, with an 
annual increase of about 2-3%. Hydro Aluminium is the leading supplier for 
lithographic strip with market share of over 30% [1].   
 
Printing plate manufacturing and offset printing  
The typical steps in printing plate manufacturing consists of; cleaning, graining, 
anodisation, post anodic treatments, coating with a photosensitive layer, optionally 
followed by a baking process for hardening the coating [2, 3, 4]. In cleaning, usually 
an alkaline etching, residual contaminations and the natural oxide skin of the 
aluminium surface are removed. In graining the aluminium surface is roughened to a 
well-defined topography. Nowadays electro-chemical graining (EC-graining) has 
replaced mechanical graining due to the finer and more defined topographies that can 
be obtained with the former. EC-graining is performed in acidic electrolytes, based on 
either hydrochloric acid or nitric acid. The surface topography after EC-graining 
consists of hemispherical pit-type craters with depths in the order of in the order of 
2µm to 10 µm, and is needed to ensure a good adhesion of the coating and to improve 
the water retentive properties of the surface. The typical surface topographies for both 
of these systems are shown in Figure 1.  

  
a). surface after EC-graining in HCl. b). surface after EC-graining in HNO3. 
Figure 1. Surface morphology after EC-graining in HCl and HNO3. 
 



In anodising the freshly formed surface is mechanically and chemically stabilised 
with a contour sensitive anodic film of about 1 µm. Post anodic treatments (PATs) 
differ between manufacturers but generally serve to improve the hydrophilicity. After 
coating some plate types are baked to increase the wear resistance of the coating, 
which increases the number of possible prints. Typical baking temperatures range 
from 240 0C to 280 0C and baking times are in the order of several minutes.     
 
Requirements on aluminium lithographic strip 
The main requirements on the aluminium substrate in the printing plate manufacturing 
process are; flatness, a defect free surface, a homogeneous and fast response to the 
EC-graining, sufficient strength in the as-delivered condition and after baking, good 
bending fatigue properties, and a fine and non-elongated surface grain structure. 
 
A high degree of flatness is required to ensure an even distribution of the coating on 
the aluminium sheet substrate and exact laser beam focussing during illumination so 
that no colour shifting or blurring occurs in the printed image. With typical thickness 
tolerances as small as 5 µm a careful control of the surface profile during rolling, 
optimised stretch-levelling, and minimisation of residual stresses in the final coil 
winding after since creep effects can lead to shape deviation is imperative. 
 
Even the smallest surface defect like a dent, scratch, or contamination can cause a 
local defect, thereby having a negative impact on print performance. The demands on 
the surface quality of lithographic strip are much higher than for other rolled 
aluminium applications, and they can only be met with a maximum of precautions in 
the entire processing chain from melt treatment to final coil.   
 
Next to being defect free, the surface must be suitable for both EC-graining systems. 
As the amount, size and distribution of primary particles and precipitates as well as 
the local solid solution levels determine the EC-graining response the microstructure 
must be very homogeneous. In recent years, there has been a technology change in 
offset printing from computer-to-film (CtF) to computer-to-plate (CtP). These CtP 
printing require an even higher control over the surface morphology of the EC-
graining than the conventional computer-to-film (CtF) plates.  

 
For the offset printer it is important that the plates have sufficient strength in order to 
survive handling and printing. Since the major printing plate manufacturers use a 
single for plate types with and without baking, the drop in strength of the lithographic 
strip during baking should be minimal, a property that is known as the thermal 
stability. Next to the strength that allows handling it is important for the offset printer 
that the plates do not crack during printing. An imperfect fit of the plate in the press 
leads to repetitive bending and unbending during printing which can result in cracking 
due to fatigue. Finally, a streaky appearance of the plate is unacceptable and a 
sufficiently fine surface grain structure is id needed to avoid such optical effects.  
 
The above set of requirements can only be met with a focus on surface quality 
throughout the processing chain, dedicated alloy compositions and optimised 
processing with regard to metallurgy and surface quality. 
 



Alloys and processing 
At the time when the market for lithographic strip was still small alloy compositions 
that already existed for other rolled aluminium products were used for lithographic 
applications. In the USA, 3103 type alloys were used, whereas in Europe and Japan 
the 1050 type alloys were used. In the following years, these alloys were continuously 
developed, but still very much based on the initial alloys.  
 
The 3103 alloy has better mechanical properties than the 1050 type alloy (strength, 
thermal stability, and bending fatigue) and the 1050 alloy has better etching and EC-
graining properties, see Figures 2 and 3.  
 

  
a). AA1050, system HCl . b). AA1050, system HNO3. 

  
c). AA3103, system HCl . d). AA3103, system HNO3. 

Figure 2. Typical surface topography of alloys AA1050 and AA3103 after EC-
graining in HCl and HNO3. 
 

  
a). strength and thermal stability b). bending fatigue 

Figure 3. Strength, thermal stability, and bending fatigue of AA1050 and AA3103. 
 
After a continuous increase in market volume, dedicated ‘litho’-alloys were 
developed during the mid nineties. These ‘litho’-alloys are basically 1050 type alloys 
with additions of Mn and/or Mg which increase the mechanical properties of the 1050 



alloys, giving both good EC-graining properties and mechanical properties. These 
litho-alloys have gradually been accepted by the plate making industry and presently 
account for the majority of the market. A comparison of strength, thermal stability, 
and EC graining behaviour in nitric and hydrochloric acid for AA1050, AA3103, and 
dedicated litho-alloys like HA1052 are presented in Figure 4.  
 

  

  
Figure 4. 
 
The processing route for lithographic strip consist of; DC-casting, homogenisation, 
hot-rolling, followed by cold rolling to final thickness. Usually an annealing step is 
included as recrystallisation ensures a sufficiently fine surface grain structure at final 
thickness. When annealing is left out, it results in a coarser surface grain structure but 
with an optimised hot strip metallurgy the demands with regard to streakiness can still 
be met [5] for some customers. The annealing temperature is dictated by the thermal 
stability rather than the surface grain structure, which is shown in Figure 6.  
 

 
Figure 6. Drop in yield strength of AA1050 as a function of homogenisation 
temperature and annealing conditions. 



 
The dependency of the thermal stability on the temperature during homogenisation 
and annealing the annealing conditions can be understood from the strengthening 
mechanisms after baking. With the low amount of alloying elements in the AA1050 
alloy the amount and size of the Fe-containing phases (Al3Fe and �Þ-AlSiFe) and the 
amount of Fe in solid solution in the as-rolled condition dictate the thermal behaviour 
of the alloy [6]. The strength after baking is governed by the site and amount of the 
Fe-containing phases. As the Fe in solution forms fine precipitates during the baking 
operation and there is a limited coarsening of the small sized Fe-containing phases 
dictate the drop in strength. A high homogenisation temperature will increase the 
amount of Fe in solid solution and a high annealing temperature will limit the 
precipitation of Fe during annealing.  
 
The final processing steps after cold rolling to final thickness are performed on 
dedicated finishing lines were precautions to avoid surface damage are maximised. 
Processing steps in the finishing line consists of degreasing, stretch-levelling, optional 
re-oiling, and trimming, slitting and splitting to final coil dimensions.  
 
Electro-chemical graining 
The response of the aluminium surface to the EC-graining in both HNO3 and HCl is 
governed by both alloy composition and microstructure, in particular the amount and 
size of constituent phases and precipitates, and the solute level. The EC-graining 
response is not identical for both systems, as evidenced in the much slower response 
of AA3103 to EC-graining in nitric acid than in hydrochloric acid, see Figure 4.  
 
To illustrate that it is not solely the composition of the alloy that determines the 
response to the EC-graining a binary model alloy containing 1wt% Mn was subjected 
to different heat treatments in order to create a large difference in the amount of 
precipitated Mn. Figure 7 shows a TEM image of the precipitate size, and the 
topographies after EC-graining in hydrochloric and nitric acid.   
 



   
a). 10% Mn in solution, 
TEM image.  

b). 30% Mn in solution,  
TEM image.  

c). 90% Mn in solution, 
TEM image. 

   
d). 10% Mn in solution, 
after EC-graining in HCl. 

e). 30% Mn in solution, after 
EC-graining in HCl. 

F). 90% Mn in solution, 
after EC-graining in HCl. 

   
g). 10% Mn in solution, 
after EC-graining in HNO3. 

h). 30% Mn in solution, after 
EC-graining in HNO3. 

i). 90% Mn in solution, after 
EC-graining in HNO3. 

Figure 7. Effect of Mn precipitation in a binary AlMn1 model alloy on the after EC-
graining topography in HCl and HNO3.  
 
Figure 8 shows that the response to the EC-graining in nitric acid is much slower 
when the Mn is present in solid solution than when it is present in precipitates.  
 

 
Figure 8. Effect of Mn precipitation in a binary AlMn1 model alloy on the velocity of 
the EC-graining attack in nitric acid. 



 
Pre-grained lithographic strip 
The concept of pre-graining is to have a surface topography on the lithographic strip 
that matches the hemispherical pit structure formed in the EC-graining process. This 
has the potential benefit of enabling a more efficient plate production were shorter 
EC-graining times, or less energy input, are needed to create a fully grained surface. 
A general method for producing rolled products with a special surface topography is 
the use of a textured roll in the final cold rolling pass. Lithographic strip with a pre-
grained surface topography can be obtained with a dedicated rolling technology with 
Topocrom textured rolls. [7, 8]. In the Topocrom process the galvanic deposition of 
Cr on a roll surface forms a dense structure of a small sized, half-spherical Cr-
particles. The Topocrom process was originally developed for automotive 
applications, but by an adoption of process parameters the size of the Cr-particles can 
be matched to the surface topography from the EC graining process. The topography 
of a Topocrom textured lithographic strip is shown in Figure 8, together with a 
standard mill-finish topography. 
 

  
a). mill-finish topography. b). Topocrom textured topography. 

Figure 8. Typical topographies of mill-finish and Topocrom textured lithographic 
strip. 
 
Figure 9 shows the surface roughness a function of applied charge for EC-graining 
under lab conditions in nitric acid and hydrochloric acid for a mill-finish topography 
and Topocrom topographies with different initial surface roughness values. The 
arrows in Figure 9 indicate the charge at which a fully grained structure is achieved. It 
is seen that in EC-graining in HCl the initial Topocrom topography is still present 
when a fully grained structure is achieved, leading to a multi-grain type of structure. 
In contrast, the initial Topocrom topography has completely disappeared after EC-
graining to a fully grained structure in the system HNO3. The arrows indicate that the 
pre-graining effect of the Topocrom textured sheets is in the order of 5-15% for 
graining under lab conditions. Industrial trials confirm the pre-graining effect as 
printing plates made from Topocrom textured lithographic strip could be produced 
with a lower graining current while maintaining the performance on the printing 
press. 



 
 

  
a). mill-finish, early stage of graining. b): Topocrom, early stage of graining. 

  
c). mill finish, final stage of graining. d). Topocrom, final stage of graining. 
Figure 9. Evolution of topography during EC-graining for a mill-finished and a 
Topocrom textured lithographic strip. 
 

  
Figure 10. Roughness values (Ra) as a function of charge for mill finish and 
Topocrom textured topographies with different initial roughness values. The arrows 
indicate the charge at which a fully grained structure is achieved. 
 



Recent R&D trends. 
Since the performance of the lithographic strip in the plate making process is to a 
large extent governed by its surface, the condition of the surface and near surface 
regions are a constant focus of R&D efforts. It is well known that in rolled aluminium 
products a microcrystalline subsurface layer is present that is assumed to have formed 
during hot rolling [9, 10]. This microcrystalline layer has different properties and is 
characterised by a refined microstructure, presence of rolled-in oxide particles, cracks 
and voids, and an amount of alloying elements and intermetallic particles that deviates 
from the bulk of the material. First investigations in the properties of this subsurface 
layer focused on its electrochemical behaviour in connection with filiform corrosion. 
In these investigations ultramicrotomy has proven to be an appropriate sample 
preparation technique that allows the investigation of this layer. Obviously, the 
relation between the microcrystalline layer in lithographic strip and the litho-specific 
properties are also of main interest. However, the alloys used for lithographic 
applications are relative soft, resulting in ambiguous results when ultramicrotomy is 
used for sample preparation due to as smearing effects. Therefore, alternative 
preparation techniques had to be developed to study this layer in the case of 
aluminium alloys for lithographic applications. One alternative sample preparation 
technique is FIB, in combination with TEM characterisation. As an example, the 
TEM images of the microcrystalline layer in an (AA1050+0,5wt% Mg) model alloy 
prepared by FIB are shown in Figure 12 [11]. Clearly visible is that the 
microcrystalline layer varies in thickness, consists of very small sized grains, and 
contains a large amount of inclusions, particles, voids, and cracks.  

 
Figure 11. TEM image of microcrystalline layer in a (AA1050+0,5wt% Mg) model 
alloy. Sample preparation by FIB. 
 
A disadvantage of the combined FIB/TEM technique is that the sample preparation 
and characterisation is very time and cost intensive which limits its use in the study of 
the effect of multiple processing parameters. To study the effect of different 
degreasing or EC-graining conditions on, for example, the rolled-in oxides in the 
surface layer, much information is gained when an identical region can be 
characterised before and after a treatment. To this end, a complementary technique 
has been developed with comprises of a combination of sample preparation with rf 
GD-OES and FE-SEM / EDX & BEI [12]. After calibration of the sputtering time 
versus crater depth a predetermined crater depth is sputtered with rf GD-OES, 
ensuring that the exposed surface after sputtering is in the region of interest. With FE-
SEM the appearance and composition can subsequently be characterised allowing for 



example a study of the same region before and after a process. Figure 13 shows the 
crater profile that is formed with the rf GD-OES sputtering, and appearance of the 
crater. With SEM/EDX the inclusion can be identified as a rolled-in oxide particle.   
 
 

 
a). Typical profile of rf GD-OES 
sputtered crater. 

b). 0,5 µm rf GD-OES crater profile in 
AA1050+0,5 wt% Mg model alloy. 

Figure 13. rf GD-OES sample preparation for exposure of surface in the 
microcrystalline layer.  
 

 

 

a). SEM image of exposed crater 
surface. Areas EDX analysis indicated. 

 

  
b). EDX analysis of particle, showing 
the high O-content in the particle. 

c). EDX analysis of surrounding Al-
matrix. 

Figure 14. SEM/BEI EDX analysis of exposed microcrystalline layer surface, 
identifying the particle as an oxide.    
 



Summary 
Aluminium is the preferred material for lithographic printing plates substrates as 
evidenced by its market share of almost 100%. The reason for this is that, with 
dedicated finishing lines, it is possible to produce aluminium strip with a defect free 
surface and very tight flatness tolerances that meets the requirements on 
hydrophilicity and mechanical properties from the printing plate manufacturer and the 
offset printer. Furthermore, dedicated alloy compositions and optimised processing 
parameters in the entire processing chain from melt treatment, DC-casting, and hot 
and cold rolling are required for a competitive lithographic strip. The surface 
properties of the aluminium lithographic strip are of major importance since the 
response to the EC-graining process determines to a large extent the quality of the 
lithographic strip and the economics of the printing plate production.  
 
An increased efficiency in the plate making process can be achieved with pre-grained 
lithographic strip with a Topocrom surface texture that matches the surface 
topography after EC-graining. 
 
The combination of GD-OES sample preparation and FE-SEM characterisation has 
emerged as a useful technique for the study of the influence of the microcrystalline 
subsurface layer and the conditions of the alkaline etching and EC-graining in the 
printing plate manufacturing.  
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