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1. Summary

White pigmented coatings have gained commercial success using a Gallium doped
microwave F600-V bulb. A novel VIP 397/418 bulb* has been made recently, by Fusion UV
Systems, to increase UV curing efficiency of white pigmented coatings (1). Previous research work
has shown that the VIP 397/418 bulb can cure cationic white pigmented coatings 40-60% faster
than a F600-V bulb (2). Further evaluations of free radical white pigmented coatings have
produced significant data indicating that better physical properties (40-50%) or higher cure speeds
(50%) can be obtained by using the VIP 397/418 bulb than a F600-V bulb.

2. Introduction

One of the challenging things, in the UV curing industry, is to cure pigmented coatings due
to their absorping, reflecting and scattering of UV light. White pigmented coatings have offered an
even greater problem due to the high absorption and reflection of rutile titanium dioxide (3). As a
result, formulators usually have problems of how to cure white pigmented coatings at
commercially acceptable line speeds. There is a curing window near the minimum of the
absorption-reflection spectrum of TiO2 in white coatings. It is clear that any additional UV energy
between 390 nm and 420 nm will improve the physical properties of white pigmented coatings or
accelerate their cure speeds. The F600-V bulb is usually the bulb of choice because of its
emission spectrum at 400-420 nm that is located in the TiO2 transmission window (Fig. 1). In this
paper, we will demonstrate how to enhance the curing of free radical white pigmented coatings by
adding a 397 nm emission peak to the F600-V bulb (Fig. 2).

Fig. 3 is the superimposed emission spectra of the F600-V bulb and the VIP 397/418 bulb.
The VIP 397/418 bulb emits 44% more energy in the TiO2 window (390-420 nm) than a F600-V
bulb. This added 397 nm peak produces good matching with most photoinitiators used in white
pigmented coatings. These factors should benefit curing thicker clear coatings, laminate coatings
and white pigmented coatings, which require relative longer wavelength energy to achieve deep
cure. We have evaluated the influence of this new bulb on the photoinitiation of Darocur 4265. In
a future paper, we will examine the efficiency of the VIP 397/418 bulb for curing white pigmented
formulations containing other phosphine oxide photoinitiators.

•The Fusion high pressure or VIP bulb designations are based on their principle wavelengths. The VIP 397/418 bulb was previously
identified as a 'VIP-W" bulb (reference 2).
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3. Experimental

Hardness of cured films was tested using a Pendulum Hardness Test Instrument from
Erichsen. (4) The spectra of FT-IR were recorded on a Spectrum 2000 spectrometer from Perkin
Elmer. Static emission differences between the VIP 397/418 and F600-V bulbs were measured
with a calibrated monochromator from SA Instruments.

The white pigmented coatings and the clear coatings were applied at about 25 microns on
Q-panels, except where otherwise mentioned in the text. The wirewound drawdown bar was used
to control coating thickness. Mek double rubs were used to measure solvent resistance of cured
films. The degree of cure of the free radical formulation, without Titanium Dioxide, was measured
using FTIR at 795-820 cm'1 between NaCl windows. The film thickness was controlled with a
Teflon spacer. To minimize the influence of coating thickness variation on the degree of cure,
average data were used.

4. Results and Discussion

(1) Cure Efficiency of Photoinitiators in White Pigmented Coatings

Photoinitiators are the link in UV curable formulations between the light source and the
resin system. Cure efficiency really depends upon the ability of the photodecomposition of the
photoinitiator under a given light source. Therefore, to get a good matching between emission
spectra of a light source and absorption of commercial available photoinitiators is one of the
important strategies in ythe design of an UV curing system. According to the spectra of TiO2

absorption/reflection (Fig. 1), most of the energy from the UV lamp, under 370 nm and above 450
nm, will be wasted during the UV curing process of white pigmented coatings. This will lead to
some limitations such as the level of loading pigment, film thickness and cure speed in white
pigment coatings. To overcome these problems, some photoinitiators such as Darocur 4265,
Irgacure 1700 and CGI 819 that have significant absorptions in the range of the TiO2 curing
window have been commercialized from chemical suppliers (5). The emission spectra of the VIP
397/418 bulb has a good matching with absorption spectra of the above mentioned photoinitiators.
Meanwhile, the VIP 397/418 bulb with 36% increased total energy and 44% increased targed
energy from 390 nm to 420 nm should play an important role in improving curing efficiency of
white pigmented coatings. Table 1 illustrates the emission output of an F600-V bulb, compared to
a VIP 397/418 bulb.

Table 1 Comparison* of outputs between the F600-V bulb and the VIP 397/418 bulb

Bulb Type 200-300 nm 250-300 nm 300-350 nm 390-420 nm 200-600 nm

F600-V 37 Watts
(s/n:13VSDTD008)
VIP 397/418 70 Watts
(s/n: 15XAG17)

190 Watts 232 Watts 547 Watts 1791 Watts

336 Watts 393 Watts 784 Watts 2440 Watts
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Fig. 4 TiO218%, CN120/HDDA (1:1), Darocur
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Fig. 7 TiO2 27%, CN120/HDDA (1:1),
Darocur 4265 1.5%, Irgacure 184 0.5%,

200 fpm

Cured by VIP 397/418

Fig. 5 TiO227%,CN120/HDDA(l:l),
Darocur 4265 1.5%, Irgacure 184 0.5%, 200 fpm

I
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Fig. 8 TiO2 35%, CN12Q/HDDA (1:1), Darocur
4265 2%, Irgacure 1841%, 15 fpm
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Fig. 6 TiO235%,CN120/HDDA(l:l),
Darocur 4265 2%, Irgacure 184 1%

Fig. 9 CN120/HDDA (1:1), Darocur
4265 1.5%; Irgacure 184 0.5%, 5 fpm
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*When these tests were done, both bulbs had been run for 450 h.

(2) Physical Property Differences of Cured Films

The curing of free radical formulations were evaluated for the F600-V and VIP 397/418
bulbs by examining physical properties such as Hardness and Mek ressistance. Pendulum Hardness
for a particular coating can give a good indication of the extent of cure. Hardness is also directly
related to the degree of crosslinking and the degree of double bond conversion in a given cured
film. For example from Fig. 4, one can see that if a hardness of 27 swings were needed for this
film, it could be achived at 300 fpm with a VIP 397/418 bulb. The same hardness would be at 200
fpm with the F600-V bulb, which is a 50% decrease in cure rate. Fig. 4, 5 and 6 also illustrates
that a film cured by the VIP 397/418 bulb, at same speed, can have 40-50% more hardness than a
film cured by a F600-V bulb. Figure 7 and 8 shows hardness differences for the cured films using
two different bulbs after 24 h post cure. The hardness of films cured by the VIP 397/418 bulb still
performed about 40% better than the films cured by a F600-V bulb after 24 h post cure.

For the clear coating, a 25-micron film cured by a VIP 397/418 bulb can have 80% more
hardness than a film cured by a F600-V bulb (Fig. 9). When the film thickness is increased to 50
microns (Fig. 10), the VIP 397/418 still has 68% better performance than a F600-V bulb.

Fig. 11 is a measurement of Mek double rubs test. By using the VIP 397/418 bulb, one can
obtain a film with 60% more Mek resistance than using the F600-V bulb. That means, for this
white pigmented coating (35% TiO2), higher solvent resistance or crosslink films can be gained
with the VIP 397/418 bulb. Fig. 12 shows the Mek double rubs result for a clear coating. Again,
the VIP 397/418 bulb has a much better performance (100%) than the F600-V bulb.

(3) Conversion of Epoxy Functional Groups

The infrared spectra of the double bond functional groups (795-820 cm"1) were monitored
using FTIR to follow the photopolymerization process. In Figure 13 we confirmed that the VIP
397/418 bulb could increase the double bond conversion by 16%.

4. Conclusions:

The VIP 397/418 bulb emits 44% more UV energy in the TiO2 window (390-420 nm) than
the F600-V bulb. Also the VIP 397/418 bulb has a better match between the emission spectra of
the lamp and the absorption spectra of the phosphine oxide photoinitiators. By using the VIP
397/418 bulb, we have obtained 50% faster cure speed or 50% better physical properties such as
pendulum hardness and Mek resistance than using the F600-V bulb in white pegmented coatings.
Formulators should gain benefits from using the VIP397/418 bulb in the white pigmented coatings.
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