Importance of Pigment and
Dispersion Characterization
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for Optimum Cure and Performance in
UV-Curable Stains, Inks and Coatings

By Ronald Obie Itraviolet (UV) light-cured Without absorption of radiation by
coatings are high-performance photoinitiators, the cure process will
(essentially instantaneous not take place. Thus, from Figure 1 it

cure) and environmentally friendly follows that the spectral distribution
alternatives to conventional of the incident radiation and the
thermoset coatings technology. These absorption characteristics of the
characteristics are the impetus for photoinitiator package are critical
continued growth of this technology. components of the UV-cure process.
The UV-cure process is an additional Figure 2 displays an example spectral
polymerization process which includes distribution of a medium-pressure
application of the coating on an article mercury lamp and a gallium-doped
or substrate; exposure of the coated mercury lamp. Figure 3 displays
article to UV radiation of a given 12-micron pathlength absorption
spectral distribution; absorption of spectra of the photoinitiators
UV radiation by specialized chemicals 1-Hydroxy-cyclohexyl-phenyl-ketone,
(included in the formulation, and Bis(2,4,6-trimethylbenzoyl)-
called photoinitiators), followed by phenyl phosphine oxide, both 3.85%
generation of free radicals; initiation of concentration in an acrylate system.
polymerization; and subsequent curing The presence of pigments and
of the coating (Figure 1). colorants in UV-cured coatings—such
FIGURE 1

The UV cure process by addition polymerization

Apply coating composed of
oligomer, monomer, Pl, additives,
to substrate by R/C, spray,

curtain coater, vacuum coater, etc.

Coating exposed to
UV radiation of a given Pl absorbs Spectral distribution = wavelength(s)
spectral distribution, at UV radiation
a given irradiance, for
a given time period

Irradiance = radiant power arriving at
the surface of the coating

Power x Time = Energy

Free radicals

Propagation Free radicals initiate generated
Cured and termination polymerization
coating < -
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above 300 nm, but tends to be
optically dense at shorter wavelengths.

FIGURE 2

. Interestingly, HR yellow pigment
Relative spectral output of Mercury- and

Gallium-doped lamps

displays somewhat of a low level
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window of transparency, exhibiting

greater transparency between about
10 300 to 410 nm. Additionally, the
%0 amount of light transmitted by the
L w M Relative spectral output - Hg lamp pigmented film is dependent upon the
1 B Relative spectral output - Ga lamp . .
g 5 concentration of the pigment as well
..g- as film thickness. Figure 4 shows that
o 60 carbon black allows only very little
g 5 I light through a 25-micron film, even at
“a’_ 0 only 2% concentration.
o The data of Figure 3 indicates that
E 30 the phosphine oxide photoinitiator
o 2 would be the photoinitiator of choice
0 . | 2 between these two photoinitiators
when using yellow and white pigments.
0"_%%%%%%%%%%%%%%%%%%%%%%%%%% The formulator must understand the
output characteristics of the curing
Wavelength, nm e system; the absorption characteristics

of available photoinitiators; and the

spectral characteristics of pigments.

as UV-cured wood stains or UV-cured Improper spectral matching of any of

inks and coatings—can greatly impact
the cure and subsequent performance F IGURE 3

of UV-cured coatings compared to

clear coatings. Therefore, when Photoinitiator absorption spectra comparison

formulating pigmented wood stains, 3

inks and coatings, it is imperative to

understand the spectral characteristics \ we= 1- Hydroxy-cyclohexyl-phenyl-ketone
25

of the pigments and colorants in ) )
) ] ) = Bis(2,4,6-trimethylbenzoyl)-
the formulation, particularly with phenylphosphineoxide

respect to the spectral characteristics
of the UV lamp and photoinitiator

system. Figure 4 displays the optical

transmission of HR yellow, carbon

Absorbance Units
&

black and titanium dioxide pigments

as a function of wavelength and 1
concentration.

Figure 2 shows that the gallium- 05

doped lamp has greater light output
at the longer wavelengths (400+ nm),

whereas the non-Ga doped lamp has 200 250 300 350 400 450

greater light output at the shorter Wavelength, nm OWCRG

wavelengths. Concurrently, Figure 4
shows that Rutile TiO2 displays greater

light transmission at wavelengths
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FIGURE 4

Percent transmittance as function of pigment, pigment concentration
and wavelength
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FIGURE 5
these parameters will result in reduced
Overlay of lamp relative spectral distribution over cure and performance. When utilizing
percent transmittance of 6% HR yellow pigment pigments in UV-cured coatings, it is
oo . important to understand that only a
% 7 certain amount of light will be available
90.00 7 Z 90 for curing.
) A 44 % % . :
g LB eleese Z Figure 5 displays how only a small
80.00 /% M Relative spectral output - Ga lamp 80
7 //’  Relative spectral output - Hg lamp portion of light is available (solid
7000 Z 70 2 white portion of figure) for curing in
7 $ a 25-micron film containing 6% HR
g 60.00 7 A 60 H
£ 7 7 %/ E yellow pigment. In fact, the data shows
£ 7/ 7/ % n
§ 27 70 955/% Z '// /, 0 3 that for most of the radiation emitted
£ /2 /;/ //4/ / 7 7 oo B at a given wavelength by the lamps,
T T £ less than 10% of accessible light is
000 7 0 & available for curing the film. Indeed,
000 o film cure depth data indicates that
HR yellow pigment is very similar in
100 10 cure response as carbon black (Figure
000 | . 6). This is apparently due to the fact
20 230 300 220 490 480 that where HR yellow pigment is most
Wavelength, nm ©WCRG .
transparent, the lamps have low light

output.
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Conclusions

Complete spectral characterization

Impact of pigment type and concentration on cure of pigment, photoinitiator and
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curing system is essential in order

depth gallium lamp oo
to develop optimized pigmented
500.0 UV-cured coatings, stains and inks.
Cure is dependent upon lamp spectral
2000 distribution and irradiance; pigment
’ B Carbon Black and PI type and concentration; PI
" HR Yellow . )
£ ] White quantum yield; film thickness; and
g 300.0 oligomer/monomer chemistry. b
£ o
‘g ] —Ronald Obie 1s owner of
b 200.0 o Wood Coatings Research Group
= i High Point, N.C.
v}
100.0 -
% . |
1.0 20 55
Pigment concentration, % SWERG

We're the bridge help your
technologies reach customers worldwide.

Specialties Include:

= High-quality, low-cost photoinitiators = Total solutions for production and

= Special UV-curable formulations to market concerns
meet customers’ particular needs = Representing customers at UV-curing

= Special low-cost, UV-curable seminars, conferences and exhibitions
monomers/oligomers in China and U.S.

= Ideas and solutions for UV-curing = Literature search and market studies
problems = UV FastCheck and UV Intensity Strips

For more information: Or contact Dr. Rong Bao: Baoqian2000@yahoo.com
Cell (240) 515-8280
Office (301) 515-1005

www.uvbridgewindow.com
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