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PROCESS AND DEVICE FOR CURING UV 
PRINTING INK 

[0001] The invention concerns a process for curing a UV 
curable printing ink on a printed material, Wherein the 
printing ink is irradiated With UV light from a UV radiation 
source. The invention also concerns an associated device for 
irradiating the printing ink With UV light. 

[0002] UV curing printing inks contain loW amounts of 
solvent or no solvent, cure When irradiated, and have 
recently become increasingly important. This is due to the 
high energy of UV radiation Which is particularly advanta 
geous in high speed printing of printed materials, in par 
ticular for ?at bed printing and letter press printing. They 
also have practical advantages from a technical applications 
point of vieW compared to solvent-containing ink eg with 
regard to their Working lifetime, solvent related environ 
mental pollution, and Waste disposal. 

[0003] UV curing printing inks have a UV curable ?xing 
agent system comprising a polymeriZing ?xing agent or 
mixture of ?xing agents and one or more associated photo 
initiators. The polymeriZation or cross-linking can be trig 
gered by UV irradiation to cure the ink. One differentiates 
betWeen radical-induced and cationic polymeriZation. Con 
ventional radical-induced polymeriZing ?xing agents are 
based on acrylates, Whereas the cationic polymeriZing ones 
are characteriZed by acid release during UV irradiation. The 
invention concerns the general curing of UV curing printing 
inks independent of the particular ?xing agent system. 

[0004] Conventional applications for UV curing printing 
inks are e.g.: sheet-fed offset printing (e.g. packaging), 
continuous offset printing (e.g. direct mail advertising), dry 
offset printing (indirect letterpress printing, e.g. cups and 
tubes), label printing (letterpress and ?exographic printing), 
?exographic printing (e.g. packaging) and silk screen print 
ing (e. g. technical articles). UV curing, also often referred to 
as UV drying, has the advantage that the printing inks are 
solvent-free or of loW solvent content and cure rapidly on the 
printed material under UV irradiation so that the printed 
material can be promptly further processed or packaged. The 
invention concerns curing of the printed ink and is therefore 
independent of the particular printing process used for 
introducing the printing ink onto the printed material. 

[0005] Substantial technical requirements are required for 
the industrial radiation curing of printing ink. Prior art has 
required very high output poWer for the UV radiation 
sources in order to satisfy demands for ever increasing 
production speeds of 100 to 400 m/min and higher. In 
multi-color printing, the separation betWeen printing devices 
must be kept small to guarantee the precise matching of 
sequential colors Without excessive complication and 
expense. The maximum separations in combination With the 
high printing speeds lead to extremely short times Within 
Which the ink must be suf?ciently cured to prevent smearing 
during subsequent handling. Practical separations betWeen 
printing devices assume values of circa 0.3 to 1.0 m corre 
sponding to production times betWeen printing stations of 
about 0.1 sec. 

[0006] When one considers these stringent requirements it 
becomes clear that the UV intensity of the radiation source 
is very important. In order to achieve this, mercury vapor 
high pressure and medium pressure lamps have been nearly 
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exclusively used as UV radiation sources in practical indus 
trial applications up to this point in time. These lamps 
facilitate a particularly high UV intensity. DE-3902643 C2 
and DE 4301718 A1 provide examples therefor. 

[0007] The arc lengths of the conventional lamps vary 
betWeen 10 cm and 220 cm and the speci?c electric poWer 
lies in the range betWeen 30 to 250 Watts per centimeter of 
arc length. The UV light poWer assumes values of approxi 
mately 20 Watts per centimeter of arc length. Due to the need 
for UV transparency, the tubular lamp material is quartZ and 
the lamps are operated With a gas pressure of 1 to 2 atm. In 
certain cases, lasers, in particular excimer lasers, are also 
used to produce the UV radiation. 

[0008] The above mentioned conventional UV radiation 
sources have the advantage of being able to produce a very 
high UV intensity on the surface of the printed material to 
effect very short curing times in the range of tenths of 
seconds. Excimer lasers have the disadvantage of being 
complicated and expensive. For this reason, medium and 
high pressure gas discharge lamps are more Widely used. 
They have, hoWever, the disadvantage that their ef?ciency of 
UV light production in the relevant spectral region is only 
20%, so that 80% of the introduced energy is dissipative 
poWer and must be removed by cooling. 

[0009] Due to the high poWer consumption and high 
dissipative poWer of the lamps, their surface temperatures 
are in the range of 800 to 900° C. Which necessitates special 
measures for cooling their surroundings. Since the lamps 
cannot be immediately restarted after having been switched 
off, one must also provide means for preventing the printing 
ink introduced onto the printed material or the printed 
material itself from burning When the printing machine is in 
paused operation. Heat protection glass, Which is sometimes 
cooled, and pivoting re?ectors are therefore provided. The 
poWer consumption portion of the drying device used in a 
conventional printing machine having an overall poWer 
consumption of 100 kW, assumes values in excess of 50 kW 
and typically 80 kW. 

[0010] Conventional use of medium pressure and high 
pressure lamps is therefore very complicated and expensive 
and is associated With high poWer consumption. The asso 
ciated disadvantages have, hoWever, been accepted in the art 
of radiation curing printing technology, since one has 
assumed up to this point in time that very high intensity UV 
lamps having high UV radiation poWer Were necessary to 
achieve shorter curing times. 

[0011] The publication Industrie-Lackier-Betrieb [Indus 
trial Coating and Painting], 1969, pages 85-91 proposes the 
use of so-called actinic or super-actinic ?uorescent lamps to 
reduce thermal loads When curing UV curable coatings. 
These are special loW pressure lamps having a ?uorescent 
coating Which shifts the intensity maximum toWards the red 
to achieve a spectrum having high fractions in the UV-A 
region. The high UV-A fractions have been considered 
necessary by those of average skill in the art in order to 
achieve rapid reaction times. Those skilled in the art of 
curing pigmented systems such as printing inks Were of the 
same opinion. 

[0012] JP 59189340 A2 (DerWent reference No. 
84-303796/49) proposes a compound for use as printing ink 
Which can be cured by a plurality of different UV radiation 
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sources, including high pressure, medium pressure, and loW 
pressure mercury lamps. The applications described in this 
publication suggest that the lamps primarily emit in the 
UV-A or visible spectral region and that relatively long 
irradiation times, not compatible With rapid industrial pro 
duction processes, Were required. 

[0013] Departing from this prior art, it is the underlying 
purpose of the invention to create a process and an associ 
ated device for curing a UV curable printing ink on a printed 
material Which avoids the disadvantages of conventional UV 
gas discharge lamps associated With their high heat produc 
tion. 

[0014] In order to achieve this purpose, it is proposed in 
the above mentioned process and corresponding device to 
use a loW pressure gas discharge lamp as the UV radiation 
source Which has an integrated spectral radiation ?ux in the 
UV-B and UV-C region in excess of 50%, preferentially in 
excess of 75% of the UV radiation ?ux. 

[0015] In accordance With the present invention, one has 
surprisingly discovered that the extremely stringent require 
ments for radiation curing of printing inks can be satis?ed by 
loW pressure gas discharge lamps Without—as had been 
previously considered necessary—having their Wavelength 
spectrum someWhat shifted or substantially shifted toWards 
longer Wavelengths. 

[0016] The range of the UV spectrum as Well as its 
subdivision into various regions are not consistently de?ned 
in the literature. Within the frameWork of the invention, the 
UV spectrum is subdivided in accordance With DIN 5031, 
Part 7. It includes the region betWeen 100 and 380 nm, 
Wherein the UV-C range extends from 100 to 280 nm, the 
UV-B region from 280 to 315 nm and the UV-A region 
ranges from 315 to 380 nm. Spectral radiation ?ux refers to 
the radiation poWer in Watts per nm as a function of 
Wavelength. The radiation ?ux is a measure of the intensity 
of the radiation. Integration or summation of the spectral 
radiation ?ux over a Wavelength interval gives the radiation 
?ux irradiated Within this Wavelength interval. 

[0017] LoW pressure gas discharge lamps in accordance 
With the invention are lamps Which can normally be oper 
ated With gas pressures betWeen 10 mbar and 50 mbar, 
preferentially betWeen 20 mbar and 30 mbar. Their speci?c 
electric poWer consumption is substantially less than that of 
medium and high pressure lamps and lies in the range of 0.2 
to 2.5, preferentially betWeen 0.5 and 1.0 Watts per cm of arc 
length. Although the loW pressure gas discharge lamp ef? 
ciency for the relevant UV region is higher than that of 
conventional lamps and amounts to 30 to 40%, their overall 
UV radiation ?ux is substantially less than that of conven 
tional lamps. It assumes values of circa 0.2 Watts per 
centimeter of arc length and is therefore about a factor of 
100 less than that of previously used conventional medium 
and high pressure lamps. 

[0018] It has surprisingly turned out that UV curing print 
ing inks can also be satisfactorily cured using loW pressure 
gas discharge lamps even When the printing ink is irradiated 
With a UV intensity of radiation betWeen 1 and 100 
mW/cm2, preferentially betWeen 10 and 50 mW/cm2. The 
UV intensity of radiation of medium and high pressure 
lamps on the printed material is approximately 1 W/cm2. 
This radiation intensity on the printed material refers to the 
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radiation ?ux per unit area incident on the printed material. 
The printed material can be tilted at an angle With respect to 
the direction of the radiation. The intensity of radiation has 
the units of W/cm2. 

[0019] The use of loW pressure gas discharge lamps in 
accordance With the invention has various signi?cant advan 
tages in practical applications. Their surface temperature is 
substantially loWer. Mercury vapor lamps have temperatures 
during normal and optimiZed operation of about 30° C. 
Amalgam lamps, Which have the advantage compared to 
mercury discharge lamps of having a someWhat higher UV 
light yield, have temperatures during normal operation of 
circa 120° C. These loWer surface temperatures, in combi 
nation With the reduced poWer consumption, lead to a 
substantially reduced temperature loading of the surround 
ings of the lamp and of the printed material. 

[0020] The reduced heating of the counter-pressure cylin 
der also has technical advantages, in particular for multi 
color printing devices. Up to this point in time, a high degree 
of complication and expense Was necessary to keep the 
counter-pressure cylinder at a constant temperature. This 
Was of central importance for the quality and execution of 
the printing process. The reduced temperature loading 
alloWs for the printing of materials With UV curable printing 
ink Which could not previously be printed. An example is 
temperature-sensitive plastic foils (e.g. heat shrinking foils). 
[0021] The relatively loW poWer requirements of loW 
pressure gas discharge lamps and the technical simplicity of 
associated cooling alloWs for the reduction of the fraction of 
poWer consumption for the drying unit: in a printing 
machine having an overall poWer consumption of 100 kW, 
to about 10 to 15 kW or less. The poWer consumption of a 
medium pressure gas discharge lamp With associated cool 
ing fan assumes a typical value of about 3.5 kW. In contrast 
thereto, the poWer consumption of 10 loW pressure gas 
discharge lamps in accordance With the invention, including 
associated fans, is only approximately 400 W. 
[0022] In addition to the reduced heat load, the reduced 
danger of burning, and the reduced poWer loss, the loW 
pressure gas discharge lamps have the added advantage of 
being quickly exchangeable. The lamps require nearly no 
cooling-doWn time folloWing failure and can therefore be 
more rapidly replaced. Furthermore, loW pressure gas dis 
charge lamps have the additional advantage compared to 
conventional lamps of requiring little or no Warm-up time 
before reaching stable operating conditions. They can also 
be restarted immediately after being sWitched-off and have 
an intensity Which can be regulated. In addition, in contrast 
to medium pressure lamps, there is no danger that drops of 
ink or dirt particles burn into the bulb to destroy the lamp. 
The lifetime of loW pressure gas discharge lamps is about 
8000 hours, Which is at least four times that of medium 
pressure lamps. 
[0023] In addition, the amount of oZone produced through 
operation of loW pressure gas discharge lamps is substan 
tially less than that of medium pressure lamps. This is due 
to the fact that loW pressure gas discharge lamps emit little 
or no radiation at the critical Wavelength of 185 nm at Which 
oZone is produced in atmospheric oxygen. In contrast 
thereto, medium pressure lamps cause substantial oZone 
production. 
[0024] In summary, the invention achieves goals Which 
have been sought by those of average skill in the art for a 
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long time. The following measures are preferentially used 
individually or in combination to assure particularly good 
results With regard to quality and speed of the con?guration 
as Well as With regard to the structural requirements of the 
printing machine. 

[0025] It can be advantageous When the integrated UV-B 
spectral radiation ?ux is in excess of 50%, preferentially 
more than 75% of the UV radiation ?ux. In this case, the 
lamps are designated UV-B lamps. It can also be advanta 
geous if the UV-C integrated spectral radiation ?ux is in 
excess of 50%, preferentially more than 75% of the UV 
radiation ?ux. In this case, the lamps are designated UV-C 
lamps. 

[0026] Within the framework of the invention, both UV-C 
as Well as UV-B loW pressure gas discharge lamps have 
turned out to be advantageous for the curing process. With 
UV-C loW pressure gas discharge lamps, the radiation ?ux 
integrated over the UV-C range can assume values in excess 
of 50%, preferentially more than 75% of the UV radiation 
?ux. In the case of a UV-B loW pressure gas discharge lamp, 
the corresponding UV-B integrated spectral radiation ?ux 
can assume values in excess of 50%, preferentially more 
than 75% of the UV radiation ?ux. 

[0027] The maximum of the spectral radiation ?ux distri 
bution of the loW pressure gas discharge lamps, in particular 
of the UV radiation ?ux, can advantageously lie in the UV-B 
or UV-C region. For a line spectrum, this refers to the 
Wavelength having the highest UV intensity. For a continu 
ous spectrum, this requirement refers to the maximum of the 
spectral radiation distribution. When the UV spectrum has 
both lines and continua, this feature refers to the maximum 
With regard to the line and continuous emission regions. 

[0028] An additional advantageous feature proposes use 
of a loW pressure gas discharge lamp having an integral 
spectral UV radiation ?ux above a Wavelength of 190 nm, in 
particular above 240 nm, Which is more than 50%, prefer 
entially more than 75 % of its UV radiation ?ux, in particular 
of its UV-C radiation ?ux. It is particularly advantageous 
When the integrated UV-C radiation ?ux above a Wavelength 
of 190 nm, in particular above 240 nm, is more than 50% and 
preferentially more than 75% of the UV radiation ?ux. 

[0029] It is particularly advantageous When the loW pres 
sure gas discharge lamp emits more than 50%, preferentially 
more than 75% of the radiation ?ux of its UV light in the 
UVC region above a Wavelength of 240 nm. The lamp then 
differs substantially from the medium pressure lamps having 
their main emitted UV spectral fraction in the UVB or UV-A 
region. Since not only the overall intensity but also the 
distribution of the individual lines can be of signi?cance, it 
is advantageous When the above mentioned conditions apply 
to Wavelengths having an intensity of more than 20% of the 
UV Wavelength of highest intensity. The intensity maximum 
of UV-C loW pressure gas discharge lamps is normally in the 
Wavelength range betWeen 249 and 259 nm, in particular at 
254 nm. 

[0030] The likeWise advantageous UV-B loW pressure gas 
discharge lamps are also designated as UB-B ?uorescent 
lamps. They have a phosphor coating Which shifts the 
maximum of the radiation ?ux into the UV-B region. The 
maximum preferentially lies above 305 nm. The actual 
positions of the intensity maximum and of the emitted lines 
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as Well as, in particular, their lineWidths can be in?uenced by 
the phosphor or the phosphor mixture. The possible band 
Widths thereby range from very narroW, nearly monochro 
matic UV-B radiation up to emissions Which nearly span the 
entire UV-B range. The UV-B loW pressure gas discharge 
lamps advantageously emit in excess of 50%, preferentially 
more than 75% of their UV light in the UV-B region. 

[0031] Within the frameWork of the invention, loW pres 
sure gas discharge lamps are generally preferred Whose 
emission spectra are not shifted toWards longer Wavelengths 
through the addition of ?uorescent materials. This means 
that neither an actinic nor a super-actinic gas discharge lamp 
is used. The UV-B lamps are not quite as advantageous as 
the UV-C lamps, since their light output is loWer due to the 
light conversion step and since the printing ink can be less 
reactive in the spectral region in Which they emit than in the 
UV-C region. They nevertheless likeWise constitute an eco 
nomically interesting improvement over conventional 
medium pressure and high pressure lamps. 

[0032] In accordance With an additional advantageous 
feature, a plurality of loW pressure gas discharge lamps of 
differing emission spectra can be utiliZed, in particular a 
combination of a UV-C and a UV-B loW pressure gas 
discharge lamp. 
[0033] The advantageous use of loW pressure gas dis 
charge lamps having differing emission spectra to produce 
mixed light can be effected not only by having differing 
lamps, but also using lamps Which are partially coated With 
?uorescent material. The ratio of integrated UV-B to inte 
grated UV-C radiation ?ux can lie betWeen 0:1 and 1:0. A 
higher UV-C fraction is hoWever normally preferred for the 
above mentioned reasons. 

[0034] The ?xing agents of conventional UV cured print 
ing inks are normally tuned to the particular radiation of the 
UV radiation source. One Would therefore expect that con 
ventional printing inks are not suitable for the invention and 
that special ?xing agent systems or, in particular, special 
photo-initiators Would be necessary Which are tuned to the 
UV spectrum of the loW pressure gas discharge lamps used 
in accordance With the invention. It is clearly possible for 
one of average skill in the art to develop printing ink 
compositions and photo-initiators Which are optimiZed and 
specially tuned to loW pressure gas discharge lamps. It has 
hoWever surprisingly been discovered Within the frameWork 
of the invention that good curing results can also be achieved 
using conventional printing inks. This is particularly true for 
eg the XKC-Series UV-Flex inks of Gebruder Schmidt 
Druckfarben, Frankfurt, in particular of type 80 XKC 1004 
1. 

[0035] A printing ink is, by Way of example, suitable for 
the process in accordance With the invention Which has a 
?xing agent system containing the folloWing components: a) 
one or a plurality of cycloaliphatic epoxy resins as curable 
?xing agent and b) one or a plurality of arylsulfonium salts 
as photo-initiators. Acycloaliphatic epoxy resin is a cationic 
curable ?xing agent. Clearly, the ink can also contain 
additional conventional components such as additional 
photo-initiators, solvents, pigments, dyes, thinning agents, 
reactive thinner, Wax, leveling agent, Wetting agents or other 
additives. 

[0036] In accordance With an additional advantageous 
feature, component b) contains a triarylsulfonium salt. It is 
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thereby preferred When the triarylsulfonium salt contains a 
triarylsulfoniumantimonate, in particular a triarylsulfonium 
hexa?ouroantimonate. One can advantageously further pro 
vide that the component b) contains a mixture of different 
arylsulfonium salts. The printing ink can also contain other 
?xing agents in addition to the cycloaliphatic epoxy resin. 

[0037] Printing technology primarily uses radical curable 
printing inks, since these provide, When irradiated With 
conventional medium pressure lamps, a drying time Which 
is shorter than that of a cationic curable printing ink. The 
radical curable inks have the additional advantage that their 
chemical composition can be Widely varied. HoWever, the 
most prevalent ?xing agents absorb mostly in the UV-C 
range. As a result, only a small amount of printing ink 
reactivity can be effected even With photo-initiators absorb 
ing in the UV-C region. In contrast thereto, the ?xing agents 
used With cationic curable printing inks are substantially 
transparent in the UV-C region. A high degree of reactivity 
can therefore be achieved even With a UV-C or UV-B loW 

pressure gas discharge lamp. Cationic curable inks based on 
epoxy resins are preferred Within the context of the inven 
tion for the above mentioned reasons. Radical curable inks 
can hoWever also be used. 

[0038] It is generally advantageous to cure a printing ink 
With the printing process in accordance With the invention 
Which has ?xing agent components Which are substantially 
transparent in the UV-C or UV-B regions of the UV-light 
from the loW pressure gas discharge lamp. In this manner, 
deeper layers can also be reached by adequate amounts of 
UV light. This means that the absorption curve of the ?xing 
agent should be shifted toWards shorter Wavelengths com 
pared to standard ?xing agents used in medium and high 
pressure lamps. Offset printing is associated With typical 
layer thickness of 1 to 3 pm and ?exographic printing With 
layer thickness betWeen 3 and 8 pm. In addition, the 
squeeZed edges have a thickness of at most 20 pm. The 
?xing agent should therefore be suf?ciently transparent up to 
a thickness of 20 pm. This implies that the transparency of 
the ?xing agent is preferentially suf?ciently high up to this 
layer thickness that it does not absorb more than half of the 
incident UV intensity of the loW pressure gas discharge 
lamp. Accordingly the system of ?xing agent and photo 
initiator is such that preferentially more than 10% of the UV 
light is absorbed up to a layer thickness of 20 pm. 

[0039] The properties of the ?xing agent, in particular its 
transparency to the UV light used and the reactivity of the 
?xing agent and photo-initiator system are of particular 
importance for the use of a printing ink Within the context of 
the invention. In addition, as is usual, the individual com 
ponents should be mixable and mutually compatible so that 
no spontaneous reactions are triggered. Filling agents and 
additives can be used in liquid or solid form and are subject 
to the same requirements With regard to UV light transpar 
ency as is the ?xing agent. 

[0040] The pigments can be organic or inorganic in nature. 
Inorganic compounds are generally solids and organic com 
pounds can be solid or liquid. The concentrations and 
absorption properties of liquid pigments should be appro 
priately adjusted. This is also true for solid pigments With 
Which additional grain-siZe dependent scattering effects can 
occur. 

[0041] The printing ink should be suf?ciently reactive to 
the UV light and capable of activation by same. This is 
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particularly true for the photo-initiators Which should be 
suf?ciently reactive in the Wavelength range used. The 
reactivity has tWo aspects. First of all, the UV light absorp 
tion must be suf?ciently large. In addition, the photo 
initiators should also properly transfer or feed the absorbed 
energy into the corresponding radicals (radical polymeriZa 
tion) or acids (cationic polymerization) to initiate the chain 
reaction for polymeriZation. The photo-initiator should 
therefore be present in suitable concentrations and be suf 
?ciently absorbing. It must also be capable of transferring 
the absorbed UV light energy to the monomers for both 
radical as Well as cationic curing. 

[0042] It is also possible to use a plurality of photo 
initiators in one printing ink having different absorption 
properties. The chain reaction initiators then differ from the 
light absorption activators. 

[0043] It is generally advantageous to cure a printing ink 
having ?xing agents largely transparent to the UV light 
emitted by the loW pressure gas discharge lamp With photo 
initiator components Which highly absorb the UV light 
emitted by the loW pressure gas discharge lamp, Which are 
reactive and Which can also be activated in this Wavelength 
region. It is therefore generally advantageous for the ?xing 
agent and photo-initiator components of the printing ink to 
be composed and adapted to each other in such a manner that 
the printing ink can be cured up to a layer thickness of 20 pm 
using the UV light emitted by the loW pressure gas discharge 
lamp. 
[0044] It is furthermore preferred When the printing ink 
has a high reactivity even at room temperature. In the 
process in accordance With the invention, the printing ink is 
heated only slightly or not at all. The temperature during UV 
curing is preferentially not higher than 40° C. Conventional 
high and medium pressure lamps have substantially higher 
temperatures and associated application related disadvan 
tages. 

[0045] In accordance With an advantageous feature, the 
time duration of the UV irradiation curing of the printing ink 
is less than 2 seconds, preferentially less than 1 second. The 
short printing ink reaction time advantageously alloWs for 
the realiZation of high production speeds or smaller separa 
tions betWeen the individual printing stations. The reaction 
time is thereby that time Which passes until the surface of the 
printing ink is no longer sticky so that the printed material 
can be printed in additional printing stations or otherWise 
processed. The curing time can be substantially longer. With 
radical curing printing inks, the curing time is not substan 
tially longer than the reaction time. For cationic curing 
printing inks, the UV irradiation normally only initiates the 
process, i.e. pre-cures. Subsequent complete curing can be 
rapid or could also take up to 24 hours. As mentioned, the 
short irradiation time or reaction time is not only of signi? 
cance for the printing of an increased number of objects per 
unit time, rather also in multi-color printing. The passer 
problem associated thereWith necessitates small separations 
betWeen printing stations and associated rapid intermediate 
drying to prevent spreading of ink. 

[0046] The amount of time during Which the printing ink 
is irradiated With UV light depends on the speed With Which 
the printed material and associated printing ink move rela 
tive to the loW pressure gas discharge lamps for UV curing 
as Well as on the area irradiated by the loW pressure gas 
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discharge lamps. With the method in accordance With the 
invention, printing processes can be advantageously carried 
out With Which the printed material moves With a path 
velocity of more than 20 m/min., of preferentially more than 
40 m/min., and particularly preferably of more than 50 
m/min. 

[0047] The use of loW pressure gas discharge lamps in 
accordance With the invention, in particular in combination 
With the above described UV curing printing inks, has turned 
out to be particularly advantageous in ?exographic printing. 
This is true for all ?exographic printing machine concepts 
Which can be classi?ed as folloWs: 

[0048] 1. The multi-cylinder printing machine is a 
rotating type having four or six individual printing 
devices associated With one station, in particular for 
printing a plurality of colors. 

[0049] 2. The tandem printing machine is a rotating 
type With each printing device disposed in its oWn 
individual station. 

[0050] 3. The one cylinder or central cylinder 
machine is a rotating type having the printing device 
disposed about one common central counter-pres 
sure cylinder. 

[0051] The device in accordance With the invention for 
curing a UV curing printing ink on a printed material by 
means of Which the printing ink is irradiated With UV light 
from a UV light source, in particular for carrying out a 
process in accordance With the invention, is characterized in 
that the UV radiation source comprises a loW pressure gas 
discharge lamp Whose integrated UV-B and UV-C spectral 
radiation ?ux is in excess of 50%, preferentially more than 
75% of the UV radiation ?ux. A device of this kind is 
subsequently designated With the conventional name 
“drier”. 

[0052] Depending on the application, the drier can include 
one or more UV radiation sources. If a plurality of UV 
radiation sources are used, these could be the same or of 
differing types. It can also be advantageous in certain special 
cases to provide for conventional radiation sources in addi 
tion to the loW pressure gas discharge lamp. The exclusive 
use of loW pressure gas discharge lamps is preferred. An 
advantageous feature proposes that a drier comprises more 
than four, preferentially more than eight, loW pressure gas 
discharge lamps. 
[0053] An advantageous embodiment can be particularly 
characteriZed by the fact that the drier comprises a plurality 
of adj acently disposed loW pressure gas discharge lamps. In 
this fashion, a high UV radiation intensity per unit area on 
the printed material or a smoother spatial illumination can be 
effected. Alternatively, a relatively large area can thereby be 
illuminated. The loW pressure gas discharge lamps can be 
bar-shaped. HoWever, it is preferred When the drier com 
prises a plurality of U-shaped loW pressure gas discharge 
lamps disposed next to each other at the longitudinal sides 
of the U-shape. U-shaped loW pressure gas discharge lamps 
have the advantage of effecting a relatively high illumination 
intensity. The loW pressure gas discharge lamps can be 
arranged in particularly close proximity to another if they 
are disposed in alternately opposite directions. The open and 
closed ends of the U-shape form an alternating series and the 
open ends having electrical contacts can be connected to 
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electrical contact elements Without having the separation 
betWeen the loW pressure gas discharge lamps be limited by 
these contact elements. 

[0054] The separation betWeen the lamps and betWeen the 
lamps and the printed material is preferentially subject to the 
requirement that the radiation intensity in the plane of the 
printed material Within the principal effective region, i.e. 
excluding eg the entrance and exit Zones, is as homoge 
neous as possible. If the printed object is moved along a 
transport direction and/or rotated in the curing Zone, this 
condition applies to the time-integrated intensity during 
passage through the drier. 

[0055] The loW pressure gas discharge lamps can be 
disposed at close relative separations to effect a compact 
assembly and/or to realiZe a homogenous irradiation inten 
sity Which deviates by less than 30%, preferentially by less 
than 20% from an average value. The loW pressure gas 
discharge lamp bulbs can even touch Without mutual sepa 
ration. The separation betWeen the bulbs of the loW pressure 
gas discharge lamps preferentially does not exceed 30%, 
preferentially not more than 20% of the loW pressure gas 
discharge lamp bulb diameter. 

[0056] The separation betWeen the loW pressure gas dis 
charge lamps and the printed object should be su?iciently 
large to prevent contact With the lamp in case that the 
position of the printed object should be subject to variations. 
A reasonable practical minimal separation is 1 cm. The 
upper limit of the separation betWeen the surfaces of the loW 
pressure gas discharge lamps and the printed material can 
advantageously be less than 5 cm. 

[0057] It is furthermore preferred When the device com 
prises a re?ector for re?ecting the UV light emitted by the 
loW pressure gas discharge lamps onto the curing printing 
ink. The re?ector can be used to re?ect UV light for UV 
curing Which is not emitted by the loW pressure gas dis 
charge lamps in a direction toWards the printed material as 
Well as to effect a more even illumination of the printed 
material. If the printed materials are extended, the re?ector 
is preferentially disposed on that side of the loW pressure gas 
discharge lamps Which faces aWay from the printed material 
to re?ect the UV light emitted by the loW pressure gas 
discharge lamps in a direction toWards the printed material. 
If the printed material is not an extended ?at object, it can 
also be advantageous to dispose a re?ector at that side of the 
printed material facing aWay from the irradiation source to 
more evenly illuminate the printed material at all sides. 

[0058] Re?ectors disposed at that side of the loW pressure 
gas discharge lamps facing aWay from the printed material 
are also knoWn in the art for use With medium and high 
pressure lamps. They normally comprise metal plates and 
can be pivoted to reduce the heat load on the printed material 
during pauses in the operation of the installation. A re?ector 
in accordance With the invention can, in contrast thereto, 
preferentially be stationary. The heat loading of the printed 
material caused by the loW pressure gas discharge lamps is 
not severe. Since the lamps can be immediately restarted, 
they can also be sWitched-off if necessary. The re?ector is 
therefore less complicated and less expensive. 

[0059] The re?ecting layer of the re?ector can be 
assembled from planar portions. In a preferred con?guration 
Which is particularly easy to manufacture, the re?ector 
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comprises one single planar re?ecting layer. If the re?ector 
is also stationary, the con?guration is particularly simple to 
realiZe. 

[0060] Improved optics can be achieved in other advan 
tageous con?gurations in Which the re?ecting layer of the 
re?ector has concave portions curved With respect to the loW 
pressure gas discharge lamp. In addition, the re?ector can be 
arranged in a conventional manner at a separation from the 
loW pressure gas discharge lamp. The reduced surface 
temperature of the loW pressure gas discharge lamps also 
alloWs for the re?ector to be in line or surface contact With 
the loW pressure gas discharge lamp. In this manner, a very 
compact construction of the drier is effected Which never 
theless has increased light output. Surface contact can 
advantageously occur over 30% to 60% of the surface of the 
bulb or of the periphery of a cross section through the loW 
pressure gas discharge lamp respectively. The optimal val 
ues for each case depend on the siZe of the printed object and 
its separation from the loW pressure gas discharge lamp. 

[0061] It can be advantageous When the re?ector com 
prises a dielectric mirrored layer to achieve a high degree of 
re?ection. A dielectric mirrored layer is a multi-layered 
system of optical coatings for increasing the amount of 
re?ection. The re?ector itself can thereby be fashioned from 
metal, glass or another suitable material. 

[0062] The re?ector is preferentially diffuse re?ecting in 
order to achieve a more even spatial irradiation intensity on 
the printed material and i.e. comprises a re?ecting layer 
made from optically diffuse re?ecting material. Optically 
diffuse re?ecting materials are materials Which, due to their 
composition, diffusely re?ect incident optical radiation or 
diffusely pass penetrating radiation. They can therefore be 
designated as Lambert surfaces or Lambert radiators. They 
are usually mat White. 

[0063] The optically diffuse re?ecting material can be 
made from conventional ceramic plate or from metallic 
re?ectors having a roughened, metallic re?ecting surface 
(e. g. aluminum plates). A coating can be used comprising, in 
particular, a transparent material containing diffuse re?ect 
ing particles such as barium sulfate, titanium oxide or 
magnesium oxide. 

[0064] A particularly advantageous feature proposes that 
the optically diffuse re?ecting material of the re?ector 
re?ecting layer comprises a matrix made from a transparent 
matrix material consisting essentially of a curable silicone 
rubber With imbedded re?ecting particles. A material of this 
kind is optically, chemically, biologically, and thermally 
resistant, is insensitive to soiling and can also be easily 
cleaned. It has a good resistance to aging and has high 
transparency, in particular to UV. 

[0065] The matrix material in accordance With the inven 
tion consists essentially of silicone rubber. By essentially is 
meant that the silicone rubber does not contain any amount 
of foreign materials Which Would be intolerable for obtain 
ing the desired properties, so that the properties of the matrix 
material are determined by the silicone rubber. As a rule, the 
matrix material normally consists of silicone rubber having 
a standard commercial or preferentially higher purity of eg 
in excess of 95%. 

[0066] In principle, all conventional silicone rubber is 
usable Within the frameWork of the invention. A suitable 
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silicone rubber material can be selected Which has the 
necessary matrix material properties in dependence on the 
application. Both condensation cross-linked as Well as addi 
tion cross-linked rubber may be used. 

[0067] Silicone rubbers can be advantageously poured to 
facilitate inexpensive creation of arbitrary shapes for various 
applications. Other economical production processes, such 
as extrusion, are advantageous and possible. The thin liquid 
curable silicone rubber is initially processed and vulcaniZa 
tion subsequently occurs to form a cured, solid matrix 
material. For most applications, it is advantageous When the 
Shore A hardness of the cured matrix material assumes 
values in accordance With the DIN standard 53505 of 
betWeen 20 and 90. The matrix material has an advantageous 
intrinsic solidity in this range. 

[0068] In accordance With an advantageous feature, the 
re?ecting particles are present Within the matrix material in 
poWdered form. For most applications, the re?ecting par 
ticles should be homogeneously imbedded in the matrix 
material. For special applications, it can hoWever be advan 
tageous for the concentration of re?ecting particles in the 
matrix material to increase or decrease With depth. 

[0069] All conventional diffuse re?ecting substances are 
suitable for use as diffuse re?ecting particles in accordance 
With the invention. Examples of such diffuse re?ecting 
substances are magnesium oxide, aluminum oxide, titanium 
dioxide, polytetra?uoroethylene (Te?on (R) or silicon diox 
ide (Aerosil (R). Barium sulfate has turned out to be par 
ticularly advantageous Within the context of the invention. 

[0070] The diffuse re?ecting particles substantially 
include one or more of the above mentioned substances. By 
substantially is meant that other particles are not present in 
the material or are only present to such an extent that, for the 
actual application, the diffuse re?ection properties are deter 
mined by the particles to satisfy the particular requirements 
in each case. The particles are normally contained Within the 
matrix material as pure substances having a high commer 
cially producible purity, eg in excess of 99%. A high purity 
and homogeneous distribution can be particularly advanta 
geous in optics applications. The particles of each substance 
can have one grain siZe or comprise a mixture of differing 
grain siZes to achieve special spectral properties. 

[0071] The re?ecting particles in the material in accor 
dance With the invention can comprise only one of the above 
mentioned substances or can be a mixture of tWo or more 

differing substances. For production related technical rea 
sons, an admixture of particles of only one substance is 
preferred. In special applications, in particular for effecting 
a speci?c spectral dependence, it can hoWever be advanta 
geous to utiliZe a mixture of differing substances and/or a 
mixture of differing grain siZes. 

[0072] The grain siZe of the above mentioned particles 
advantageously lies substantially betWeen 1 pm and 100 pm: 
for the case of silicon dioxide (Aerosil (R), betWeen 10 nm 
and 200 nm. Substantially thereby means that the average 
value of the grain siZe distribution lies in this range. Since 
the grain siZe of particles or of poWder has a certain 
tolerance or grain siZe distribution in dependence on pro 
duction processes, a small amount e.g. up to 5% of the 
particles can also be present Which lie outside of the above 
mentioned siZe range. 
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[0073] The full Width half maximum of the actual grain 
size distribution can be critical in certain applications and 
rather insigni?cant for other applications. Trial and error can 
determine Which particle siZes and particle siZe distributions 
produce the desired re?ection properties for the actual case 
at hand. 

[0074] The material in accordance With the invention has 
the advantage of having a Wide range of applicability. It can 
be easily manufactured and tailored mechanically and opti 
cally to the case at hand. It can be self-supporting and of 
nearly arbitrary shape or be securely disposed on a substrate, 
Wherein it can level and cover unevenness in the substrate. 
It is optically, thermally and biologically stable and tem 
perature-insensitive. It can be easily cleaned and absorbs 
little light. The actual properties can be optimiZed for the 
particular application requirements. In addition, it is easily 
and therefore inexpensively processed. The hardness can be 
adjusted Within a Wide range to facilitate many differing 
applications. For example, ?exible mats of suitable stability 
can be produced eg by molding Which have arbitrary 
curved and bent shapes. The material can be easily Worked 
and mechanically processed. It can be solid or ?exible and 
can also be glued. Shaped objects can be molded or pro 
duced by injection molding. The material has no intrinsic 
color and therefore does not disadvantageously in?uence the 
spectrum. The surface of the re?ecting material facing the 
emitted light must not have the mat ?nish required With 
conventional materials. It must not have a “molecular rough 
ness” in order to effect good diffuse re?ection performance. 
For this reason, it can be molded in a mold having a smooth 
surface. 

[0075] The material in accordance With the invention is 
preferentially produced by mixing of the particles into a 
liquid matrix material under vacuum. In this manner, a 
vulcaniZed material can be produced Without bubbles. 

[0076] Further advantageous features and highlights can 
be recogniZed by means of the folloWing embodiments of 
the invention and are described in further detail beloW With 
reference to the schematic representation of the draWings. 

[0077] FIG. 1 shoWs a schematic cross section through a 
drier according to prior art in an operating state, 

[0078] FIG. 2 shoWs a schematic cross section through a 
drier according to prior art in a paused condition, 

[0079] FIG. 3 shoWs a modi?cation of FIG. 1, 

[0080] FIG. 4 shoWs a modi?cation of FIG. 2, 

[0081] FIG. 5 shoWs a schematic cross section through a 
?rst drier in accordance With the invention, 

[0082] FIG. 6 shoWs a ?rst modi?cation of FIG. 5, 

[0083] FIG. 7 shoWs a second modi?cation of FIG. 5, 

[0084] FIG. 8 shoWs a perspective vieW of FIG. 5, 

[0085] FIG. 9 shoWs a perspective vieW of FIG. 6, 

[0086] FIG. 10 shoWs a perspective vieW of FIG. 7, 

[0087] FIG. 11 shoWs a modi?cation of FIG. 8, 

[0088] FIG. 12 shoWs a modi?cation of FIG. 9, 

[0089] FIG. 13 shoWs a modi?cation of FIG. 10, 
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[0090] 
lamps, 
[0091] FIG. 15 shoWs a modi?cation of FIG. 14, 

[0092] FIG. 16 shoWs a schematic cross section through a 
drier and a printing machine, 

[0093] FIG. 17 shoWs a schematic cross section through a 
drier in accordance With the invention, 

[0094] FIG. 18 shoWs a detail of FIG. 17, 

[0095] FIG. 19 shoWs a relative spectral radiation ?ux of 
a high pressure mercury vapor lamp, 

[0096] FIG. 20 shoWs a relative spectral radiation ?ux of 
a loW pressure gas discharge mercury vapor lamp, and 

[0097] FIG. 21 shoWs a spectral radiation ?ux of a UV-B 
loW pressure gas discharge lamp. 

[0098] FIG. 1 shoWs a schematic cross section through a 
drier 20 according to prior art in its operating state, With 
curing printed material 9 Which has been printed With UV 
curing printing ink 14 passing thereby. A medium pressure 
gas discharge lamp, UV radiation source 8, produces UV 
light to trigger polymeriZation of the printing ink 14. The 
printed material 9 is fed past the UV radiation source 8 in 
transport direction 10. Pivoting re?ectors 21 are provided 
for smoothing out the illumination intensity on the printing 
ink 14 and for increasing the light yield. They can each be 
pivoted via a turning device 11 from the operating condition 
shoWn in FIG. 1 into the paused position shoWn in FIG. 2. 
The re?ectors 21 must be pivoted, since the medium pres 
sure lamp has a very high surface temperature and Would 
burn the printed material 9 When it is stationary relative to 
the lamp 8. 

FIG. 14 shoWs a schematic vieW of a plurality of 

[0099] Heat protection glass 22 is disposed betWeen the 
UV radiation source 8 and the printed material 9 to protect 
the printed material 9 and the printing ink 14 from the high 
amount of heat emanating from the medium pressure lamp. 
FIGS. 3 and 4 are modi?cations of FIGS. 1 and 2 having 
cooling pipes 35 ?oWn through by Water instead of the heat 
protection glass 22 to remove the heat. 

[0100] FIG. 5 shoWs a schematic cross section through a 
drier 20 in accordance With the invention. In this case, the 
UV radiation sources 8 comprise a plurality of mutually 
adjacent loW pressure gas discharge lamps 7 Which are 
passed by the printed material 9, printed With printing ink 
14, Which is fed in transport direction 10 to cure the printing 
ink 14. Advantageous loW pressure gas discharge lamps are, 
in particular, the UV-C lamps of type TUV produced by 
Philips having a principal emission at 254 nm and the UV-B 
lamps of type TL/01 With principal emission at 311 to 312 
nm or of type TL/12 having principal emission at 306 nm. 
They have a high ef?ciency for UV light and can be operated 
With nearly no oZone production. The loW heat output of the 
loW pressure gas discharge lamps permits the re?ector 5 to 
be stationary and at a small separation from the lamps. The 
separation betWeen the re?ector 5 and the UV radiation 
sources 8 can be less than tWice the diameter, preferentially 
less than one time the diameter, of the bulb 16 of the UV 
radiation sources 8. 

[0101] In the embodiment shoWn, the re?ector 5 com 
prises three planar re?ectors 5. One large re?ector 5a is 
disposed on that side of the lamps 8 facing aWay from the 
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printed material 9. TWo smaller re?ectors 5b are disposed at 
the sides. The re?ectors comprise a re?ecting layer made 
from a re?ecting material 1. The re?ecting material 1 can 
eg be a conventional ceramic plate or metallic re?ector. 
The metallic re?ector can have a roughened, metallic re?ect 
ing surface and be made eg from aluminum. 

[0102] It is preferred When the re?ecting layer of the 
re?ector 5 consists essentially of an optically diffuse re?ect 
ing material in accordance With the invention having a 
matrix material made from cured silicone rubber With a 
homogeneous distribution of particles imbedded therein. 

[0103] These particles comprise poWdered barium sulfate 
having a grain siZe of about 50 pm. The particles are not 
visible in FIG. 5 due to their small siZe. The ratio of particles 
to matrix material is approximately 1:10 by Weight. A ratio 
smaller than 1:100 does not normally result in suf?ciently 
high re?ectivity. Weight ratios in excess of 1:1 normally 
result in a degree of ?lling of the matrix material by the 
particles Which is so high that the silicone becomes brittle or 
does not properly vulcaniZe. 

[0104] The re?ector 5 has a re?ectivity in excess of 90%. 
The re?ecting layer of material 1 has a thickness of several 
millimeters. It may advantageously lie in the range betWeen 
0.1 and 10 mm. The re?ector 5 can therefore be a so-called 
volume re?ector. Such a re?ector differs from a purely 
surface re?ector in that re?ection also occurs from deeper 
material layers. 

[0105] The re?ecting material 1 or the re?ecting sheet 
metal is disposed on a substrate 6 or on a portion of the 
housing 27. The matrix material 2 or the re?ecting material 
1 can be a condensation cross-linked silicone rubber directly 
bound to the supporting surface and can, for example, be 
extruded onto the substrate 6. If the matrix material is an 
additive cross-linked rubber, a suitable bonding process, eg 
gluing, can be used to bind it to the supporting surface. 

[0106] Advantageous silicone rubbers are in particular 
those sold by the company Wacker-Chemie GmbH [Wacker 
Chemical Incorporated], Munich under the name “Elastosil 
(R)”, in particular the types M 4600, R 401, R 402, R 411, 
R 420, R 4000, and R 4105 as Well as Semicosil, in 
particular the types 911, 912, and types RTV-E 604, RTV 
ME 601, and SilGel 612. 

[0107] FIG. 6 shoWs a modi?ed re?ector 5. The re?ecting 
material 1 layer consists essentially of a matrix material in 
accordance With the invention made from silicone rubber 
having diffuse re?ecting particles. It is mounted to a sub 
strate 6 or to a housing portion 27. 

[0108] The re?ecting layer is characteriZed in that its 
surface facing the radiation sources 8 has curved concave 
portions With respect to the radiation sources. They are 
disposed at a small separation from the surface of the bulb 
16 of the corresponding UV radiation source 8. This sepa 
ration can be less than one half of the diameter of the UV 
radiation source 8 bulb 16. ToWards this end, the center of 
each curve of the re?ector 5 can lie inside the associated loW 
pressure gas discharge lamp, in particular at its center. In this 
manner a compact con?guration can be realiZed Which 
provides for a homogeneous illumination of the printed 
object 9. For certain applications, it can be advantageous if 
the re?ecting layer of diffuse re?ecting material 1 is imme 
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diately adjacent to the bulb 16 of the UV radiation sources 
8. This is possible, in particular, With loW pressure mercury 
gas discharge lamps. 
[0109] FIG. 7 shoWs a schematic cross section through a 
drier 20. This drier 20 differs from the driers in accordance 
With FIGS. 5 and 6 in that the re?ector 5 consists essentially 
of one or more sheet metal re?ectors Which are not ?at but 
curved in a concave manner With respect to the UV radiation 
sources 8. The re?ectors 5 can also be stationary and -an be 
disposed at a small separation from the loW pressure gas 
discharge lamps due to their loW heat production. 

[0110] Perspective vieWs are shoWn in FIGS. 8 through 
10. FIG. 8 corresponds to FIG. 5, FIG. 9 to FIG. 6, and 
FIG. 10 to FIG. 7. In all the ?gures, construction elements 
such as electrical leads, cooling devices and mechanical 
supports are not shoWn for reasons of clarity. 

[0111] FIGS. 11 through 13 shoW modi?cations of FIGS. 
8 through 10 Which differ With regard to the transport 
direction 10 of the printed material 9. In FIGS. 8 through 
10, the printed material 9 is transported at right angles to the 
axial direction of the UV radiation sources 8. With the driers 
20 in accordance With FIGS. 11 through 13, transport 
occurs in the axial direction of the UV radiation sources 8. 
In principle, the transport direction 10 can assume any 
arbitrary angle With respect to the axes of the loW pressure 
gas discharge lamps. The transport directions 10 shoWn are 
preferred for optimiZing use of the emitted UV light and to 
achieve an illumination time Which is evenly distributed on 
the printed material 9. 

[0112] FIGS. 14 and 15 shoW schematic vieWs of a 
plurality of UV radiation sources 8 con?gured as U-shaped 
loW pressure gas discharge lamps 7. In the embodiment 
shoWn, a total of nine lamps are disposed With mutually 
adjacent lengthWise sides for even illumination of the drying 
surface of the printed material 9. In addition, the lamps are 
alternately oppositely directed to effect as compact an 
assembly as possible With high illumination intensity. The 
electrical connection elements 13 therefore form an alter 
nating series With the closed ends of the U-shaped lamps at 
both sides of the arrangement. There is a suf?cient amount 
of space betWeen each of the electrical connection elements 
13 such that the separation betWeen the lamps is not limited 
by the electrical connection elements 13. FIGS. 14 and 15 
differ With regard to the transport direction 10 of the printed 
material 9 Whose drying surface, having the UV printing ink 
14 Which is to be cured, passes by the lamps. The re?ectors 
are not shoWn in FIGS. 14 and 15. 

[0113] FIG. 16 shoWs a schematic cross section through a 
drier 20 and a printing machine. Its UV radiation source 8 
comprises a conventional high pressure gas discharge lamp 
emitting in the UV region. In addition to the lamps, the 
housing 27 also contains pivoting re?ectors 21 for directing 
the light onto the printed material 9. When the installation 
comes to rest, these re?ectors 21 can be pivoted to protect 
the printed material 9 from overheating. A heat protection 
glass 22 is also provided for, since the conventional UV 
illumination sources 8 generate a large amount of heat. In 
accordance With the invention, one or more loW pressure gas 
discharge lamps should therefore be used as UV radiation 
source 8. The pivoting re?ector 21 can then be a stationary 
re?ector in the 

[0114] manner mentioned above and the heat protection 
glass 22 can be eliminated. In this manner, the drier 20 can 
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be of compact construction and evenly illuminate the printed 
material 9. The heat load is also substantially reduced. 

[0115] In the example shoWn, the printed material 9 are 
tubes or cups disposed on rotating tube arbors 26 of a tube 
plate 25. The UV curing printing ink 14 is introduced from 
a Wiping blade chamber or a color chamber (not shoWn) to 
the printing apparatus With its associated raster roller 23 and 
block roller 24. The block roller 24 transfers the pattern onto 
the tubes. The rotating tube plate 25 guides the tubes through 
the curing Zone of the drier 20 to effect curing via UV 
irradiation. After leaving the curing Zone, the tubes are 
removed from the tube arbors 26 and the tube arbors 26 are 
provided With fresh non-printed tubes. The associated 
mounting and removal devices are not shoWn. 

[0116] In order to achieve a homogeneous illumination of 
the printed material 9 Within the curing Zone as Well as a 
high light yield, the curing Zone is surrounded With optically 
diffuse re?ecting material 1 in accordance With the inven 
tion. The re?ecting material 1 can be introduced onto special 
substrates 6 or disposed on the housing 27. The evenness of 
the illumination and the light yield can be improved, in 
particular, by use of re?ectors 5 disposed on the side of the 
printed material 9 facing aWay from the illumination source 
8. If the heat produced by the illumination source 8 is not 
excessively high, the pivoting re?ectors 21 can also be 
provided With material 1 in accordance With the invention. 
A stationary re?ector in accordance With the invention can 
alternatively be disposed on the side of the illumination 
source 8 facing aWay from the printed material 8. 

[0117] FIG. 17 shoWs the drier of FIG. 16 in an embodi 
ment in accordance With the invention having loW pressure 
gas discharge lamps 7. The printed material 9 are tubes or 
cups disposed on rotating tube arbors 26 of a tube plate 25. 
They are transported through the drier 20 at a path speed of 
circa 50 m/min. In addition to this motion along a path, the 
tube arbors 26 also rotate. The drier 20 comprises a housing 
27 in Which the re?ecting material 1 is disposed on sub 
strates 6 for effecting a homogeneous illumination of the 
printed material in the curing Zone. The re?ector 5 provides 
for homogeneous illumination in combination With the 12 
loW pressure gas discharge lamps 7. The loW pressure gas 
discharge lamps 7 are disposed at close proximity to another 
and the printed material 9 is fed past and in close proximity 
to the loW pressure gas discharge lamps 7. Neither an 
expensive and di?icult cooling mechanism nor a heat pro 
tection glass are needed due to the loW heat production of the 
loW pressure gas discharge lamps 7. The re?ector 5 is 
stationary and does not comprise any pivoting components. 
FIG. 18 shoWs a detail of FIG. 17. 

[0118] FIGS. 19, 20, and 21 shoW typical relative spectral 
radiation ?uxes of mercury gas lamps. FIGS. 19 and 20 
each shoW the spectral radiation ?ux E in arbitrary units as 
a function of Wavelength W and, in FIG. 21, in absolute units 
as a function of Wavelength W. FIG. 19 shoWs the spectrum 
of a high pressure lamp and FIG. 20 that of a loW pressure 
UV-C lamp. It can be seen that, the UV-C loW pressure gas 
discharge lamp emits primarily in the UV-C region, Whereas 
the main emission region of the high pressure lamp is at 
longer Wavelengths. 

[0119] The UV-C loW pressure gas discharge lamp of FIG. 
20 is a loW pressure lamp Which does not have any added 
?uorescent material, eg it is a non-actinic loW pressure 
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lamp. FIG. 21 shoWs the spectrum of a UB-B loW pressure 
gas discharge lamp. This is a ?uorescent material lamp 
Whose principal emissions are displaced into the region near 
305 nm through the addition of ?uorescent material. Further 
intensities also appear in the UV-A and visible region. 

1. Process for curing a UV curing printing ink (14) on a 
printed material (9), Wherein the printing ink (14) is irradi 
ated With UV light from a UV radiation source (8), 

characteriZed in that, 

a loW pressure gas discharge lamp (7) is utiliZed as the UV 
radiation source (8) Which has a spectral radiation ?ux 
integrated over the UV-B and UB-C region of more that 
50% of the UV radiation ?ux, preferentially more than 
75% of the UV radiation ?ux. 

2. The process of claim 1, characteriZed in that the 
maximum of the spectral radiation distribution of the loW 
pressure gas discharge lamp (7) lies in the V-B or UV-C 
region. 

3. The process of claim 1 or 2, characteriZed in that the 
integrated spectral UV radiation ?ux, in particular the UV-C 
radiation ?ux, of the loW pressure gas discharge lamp (7) 
above a Wavelength of 190 nm, in particular above 240 nm, 
is in excess of 50%, preferentially more that 75%, of its UV 
radiation ?ux, in particular of its UV-C radiation ?ux. 

4. The process of one of the preceding claims, character 
iZed in that the integrated UV radiation intensity, in particu 
lar the integrated UV-B and UV-C radiation intensity or, in 
particular, the UV-C radiation intensity, is betWeen 1 and 
100 mW/cm2, preferentially betWeen 10 and 50 mW/cm2. 

5. The process of one of the preceding claims, character 
iZed in that the printing ink (14) is not heated above 40° C. 
during the UV curing. 

6. The process of one of the preceding claims, character 
iZed in that the printing ink (14) has high reactivity at room 
temperature. 

7. The process of one of the preceding claims, character 
iZed in that the time duration of irradiation for curing the 
printing ink (14) is less than tWo seconds, preferentially less 
than one second. 

8. The process of one of the claims 1 through 7, charac 
teriZed in that the printing ink (14) comprises the folloWing 
components: 

a) one or more cycloaliphatic epoxy resins as curable 
?xing agent, and 

b) one or more arylsulfonium salts as photo-initiator. 
9. The process of claim 8, characteriZed in that component 

b) contains a mixture of differing arylsulfonium salts. 
10. Device for curing a UV curing printing ink (14) on a 

printed material (9), by means of Which the printing ink (14) 
is irradiated With UV light from a UV radiation source (8), 
in particular for carrying out the process according to one of 
the claims 1 through 9, characteriZed in that the UV radiation 
source (8) comprises a loW pressure gas discharge lamp (7) 
having a spectral radiation ?ux integrated over the UV-B and 
UB-C region of more that 50% of the UV radiation ?ux, 
preferentially more than 75% of the UV radiation ?ux. 

11. The device of claim 10, characteriZed in that the 
maximum of the spectral radiation distribution of the loW 
pressure gas discharge lamp (7) lies in the UV-B or UV-C 
region. 

12. The device of claim 10 or 11, characteriZed in that the 
integrated UV radiation ?ux, in particular the Uv-C radiation 




