
In the practical application of processless CTP plates that have high printing durability and adaptability to UV ink printing, one 
of the most important issues is the balance between high-definition suitability and high reactivity in the photopolymerization sys-
tem. By formulating a mathematical model for the initiation system, we found that it is possible to maintain this balance through a 
combination of controlling the amount of radicals and delaying their generation.

Abstract

1.  Introduction

In the recent print market, cost reduction, eco-friendliness 
and productivity gains are strongly required. To achieve all 
those goals at once, it is effective to apply a resource saving 
concept of comprehensively reducing waste in materials, the 
number of processes, energy, emissions and water. We have 
adopted environmentally-friendly design for our products for 
the print industry from early on and launched CTP (computer 
to plate) compliant with the PCR (product category rule). At the 
end of 2009, our thermal CTP obtained a CFP certificate, for the 
first time in the industry, and began to carry the certification 
mark. We have accomplished a wide range of development 
and proposed environmentally-friendly design and produc-
tion technologies. Those proposals include the Plate to Plate 
system1) to recycle aluminum used in CTP supports to make 
new ones and the waste liquid reduction processing system2) 
including the XR technology for condensing waste developer 
by vacuum distillation and the LBL technology for improving 
the processing capacity of an automatic developing machine. 
Above all, the processless thermal CTP3) provides the ultimate 
resource saving effect in plate processing. The uncured photo-
sensitive layer is discharged onto paper while finely dispersed 
into the ink on the printer. That eliminates the need of the 

development process by an automatic developing machine. In 
other words, the processing with the CTP does not generate 
processing liquid or waste liquid, or require water (for dilu-
tion and cleaning), energy (electricity) to drive the automatic 
developing machine, space (installation of the machine and 
auxiliary equipment, and storage of chemicals and parts), 
and man-hours for maintenance. In 2015, we launched 
SUPERIA, a global brand of resource saving solution. 
In 2016, we launched SUPERIA ZD, a processless CTP 
plate with high printing durability and adaptability to UV ink 
printing. This paper provides the development background of 
SUPERIA ZD, a processless CTP plate with high printing du-
rability and adaptability to UV ink printing and reports on the 
technology for balancing high reactivity and high-definition 
suitability, one the core technologies of SUPERIA ZD.

2.  Development background of SUPERIA ZD

2.1  Necessity of processless CTP plate with high printing 
durability and adaptability to UV ink printing

In the recent print market, more and more UV printers are 
being introduced4) as the UV ink’s advantage of rapid curing 
helps shorten delivery time and reduce environmental impact 
(Fig. 1).
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The UV printer market is expected to grow constantly. The 
conventional processless CTP SUPERIA ZP did not have 
high printing durability to UV ink printing and we needed to 
develop a processless CTP plate with high printing durability 
and adaptability to UV ink printing.

2.2  Necessity of high reactivity of photosensitive layer
The reason why UV ink reduces printing durability is that 

the photosensitive layer of processless CTP and UV ink are 
similar in composition (Table 1).

As both processless CTP and UV ink cure by radical po-
lymerization, similar materials are used and they are compatible 
with each other. When processless CTP and UV ink are compat-
ible with each other, an image area may swell and that leads to 
reduction in printing durability (Fig. 2 top drawing). To make 
CTP adaptive to UV ink printing, we need a design to reduce 
damage to image areas, like swelling, by UV ink by increasing 
reactivity of the photosensitive layer (Fig. 2 bottom drawing).

Oil based ink cures by oxidative polymerization. The ink is 
not very compatible with processless CTP and it is unlikely 
to reduce the printing durability.

2.3  Negative effects of high reactivity
Simply increasing the reactivity does not solve the problem.
Fig. 3 (a) shows an example of a result of enhancing the 

reactivity of the photosensitive layer in relation to laser inten-
sity. (The vertical axis represents relative monomer conversion 
with the saturated polymerization rate assumed to be 100.) If 
the reactivity is increased, polymerization increases in both 
low and high exposure areas. When the laser profi le of an 
exposure machine has an intensity distribution like Gaussian 
distribution (Fig. 3 (b)), the reactivity of a low exposure area is 
increased and the range of an image formed by laser irradiation 
is broadened. Therefore, each halftone dot is enlarged and the 
suitability for high-defi nition printing is reduced (Fig. 3 (c)).

To balance high reactivity and high-defi nition suitability, 

Fig. 1　Estimated rate of implementation of UV printing machines in 
the domestic market

Table.1　Composition list of oily / UV ink and processless CTP

Fig. 2　Infl uence of UV ink on exposed image area Fig. 3　High reactivity and image formability
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reactivity has to be suppressed in low exposure areas and 
enhanced in high exposure areas. That means a design to 
achieve high reactivity represented by the dotted line in Fig. 
4. It is the ideal “high reactivity.”

3.  Design based on chemical kinetics

To suppress the reactivity of a low exposure area, it is 
effective to remove radicals, for instance, by adding a reaction 
inhibitor and stop reaction, but it also reduces radicals in a 
high exposure area as a drawback. It is important to develop 
a new mechanism that removes radicals in a low exposure 
area and polymerizes radicals effi ciently in a high exposure 
area. For this purpose, we have developed a design based on 
chemical kinetics5).

We have thought of a simple system with a photosensitive 
layer consisting of an initiator and a monomer only. The 
initiator is represented by I, initiator radical by R・, monomer by 
M, monomer radical by M・ and polymer by P. The following 
formulas are used for the reaction scheme.

v represents the radical generation rate constant, ki the 
reaction rate constant for initiation of polymerization, kp 
the reaction rate constant for propagation and kt the reaction 
rate constant for termination.

From this scheme, [I], [R  ], [M] and [M•], the concentra-

tions of I, R•, M and M• respectively, are represented by the 
differential equation below.

When the differential equation is solved, the equation 
below is obtained to show the relationship between remaining 
monomer [M] and remaining initiator [I].

[M]0 and [I]0 represent the initial concentrations of monomer 
and initiator, respectively. When the number of generated 
radicals is constant, in other words, when the constant is √[I], 
from the relational equation of monomer and initiator above, the 
polymerization rate has dependence on the radical generation 
rate v as shown in Fig. 5.

Fig. 5 shows that the polymerization rate increases as the 
value of v decreases. We have found that even if the total 
number of generated radicals is constant, the polymerization 
rate can be improved if radical generation is delayed.

With the reaction scheme of the conventional formula 
(SUPERIA ZP), the reaction rate constant v depends on the 
excitation life of dye and therefore it is diffi cult to delay 
radical generation. To delay radical generation, we have 
considered introducing a new reaction scheme to the con-
ventional formula (Fig. 6). The point of this new scheme is to 

Fig. 4　Ideal high reactivity

Fig. 5　Dependence of polymerization rate on constant radical-
generation rate v

•
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Deactivated

(B)New reaction scheme

(A)Conventional reaction scheme

Fig. 6　Reaction scheme for delaying the generation of radicals

further accelerate radical reaction using the product (Dye•) 
of reaction by the conventional formula as a trigger.

To verify whether the new reaction scheme above improves 
the reactivity, we have applied a mathematical model to 
SUPERIA ZP and determined the values of the reaction rate 
constants so that the dependence of the polymerization rate 
of the material on laser intensity and formula would be 
reproduced. We have then added radicals [R2•] that can be 
generated after exposure as shown in the reaction scheme 
in Fig. 6 to the mathematical model. Assuming the [R2•] 
generation rate constant v2 to be 1/100 of the initiator radical 
generation rate (v2/v1 = 1/100), we have obtained changes of 
the polymerization rate with time (Fig. 7). The polymerization 
rate is enhanced with the new reaction scheme (B) compared 
with the conventional formula (A). That confi rms that delaying 
radical generation by the new reaction scheme helps increase 
the reactivity.

4.  Balancing high reactivity and high-defi nition 
suitability

Based on the result of the studies above, we have started to 
work on a design to delay generation of two or more types of 
initiator radicals. We have checked whether there were delayed 

radicals by nanosecond transient absorption measurement 
(Fig. 8). In the conventional formula, radical generation 
reaches the peak immediately after laser exposure and it is 
the only peak. In the formula with a scheme designed to 
delay radicals, there is a peak of radical generation besides 
the peak immediately after exposure. That shows that there 
are delayed radicals and that the design is as it is intended.

We have also confi rmed that generation of the delayed 
radicals is drastically increased when an oxygen-blocking 
layer is used (to control the amount of oxygen to pass) even 
if the material composition of the photosensitive layer is 
the same (Fig. 9 (a) vs. (b)). In addition to incorporating the 
mechanism of generating delayed radicals, controlling the 
permeation of oxygen makes a photosensitive layer design 
that maximizes the polymerization effi ciency.

We have develop a required system by reducing the amount 
of the initiator to suppress the reactivity of low exposure areas 
and adding a reaction scheme that delays radical generation 
and controlling the permeation of oxygen of the photosensitive 
layer to increase the reactivity of high exposure areas. 
Fig. 10 shows the reactivity of SUPERIA ZD in relation to 
laser intensity. SUPERIA ZD has high-defi nition suitability 
while having drastically improved printing durability and 
adaptability to UV ink printing.

Fig. 7　Time profiles of the monomer conversion of reaction 
schemes (A) and (B) in the mathematical model

Fig. 8　Relative amount of radicals generated over time after 
exposure

            (The amount of radicals is unity at time T = 0)

Fig. 9　Relative amount of radicals generated with or without an 
oxygen-blocking layer

            (The amount of radicals is unity at time T = 0)
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5.  Conclusion

To put the processless CTP plate with high printing durability 
and adaptability to UV ink printing into practical use, one of the 
important issues was how to balance high reactivity in a photo 
polymerization system and high-defi nition suitability. We have 
studied an initiation system that could both limit the number 
of radicals to be generated and improve the reactivity using 
a mathematical model. As a result, we have found that 
delaying radical generation is effective. We have added a 
reaction scheme that delays radical generation, reduced the 
total number of initiator radicals and controlled the permeation 
of oxygen to achieve a contrast in reaction. This way, we have 
succeeded in developing SUPERIA ZD.
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Trademarks

・“SUPERIA” referred to in this paper is a registered trademark or 
trademark of FUJIFILM Corporation.

・Any other company names or system and product names referred 
to in this paper are generally their own trade names, registered 
trademarks or trademarks of respective companies.

Fig. 10　Reactivity of SUPERIA ZD
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