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Dual-Cure Photocatalysts Reduce Solvent Use in Coatings 

Solvent emissions create an 
environmental and energy problem. 
Paints, adhesives, sealants, and other coat- 
ings contain solvents that evaporate while 
curing, emitting volatile organic compounds 
(VOCsj. If not recovered and reused or 
disposed of, these VOCs become pari of 
the 8 million tons (7.3 million metric tons) 
industry emits each year to the atmosphere, 
posing an environmental problem. 

Increasingly stringent regulations aimed at 
reducing these emissions require companies 
to avoid products containing large amounts 
of VOCs, to recover the VOCs, or to dis- 
pose of them properly-a costly and energy- 
intensive process. These regulations have 
created a need for high-performance coat- 
ings tliat contain little or no  solvents. Ideal- 
ly, the coatings would also dry quickly 
without needing costly high-temperature 
ovens. 

Low-VOC coatings reduce the 
energy needed to cure liquids 
to solids and to replace and 
recover spent solvents, 
Low-solvent, low-VOC coatings are being 
developed by The 3M Company, in partncr- 
ship with the U S .  Department of Energy 
(DOE). These coatings use photocatalysts 
to react with the coating material and 
accelerate the curing process. The photo- 
catalysts--called dual-cure photocatalysts- 
allow the coatings to cure from liquids to 
solids quickly under ultraviolet or visible 
light. A family of such photocatalysts i b  

being developed and tested by 3M, which 
shares costs with DOE'S Office of Industrial 
Technologies (OIT). 

The 3M coatings have 
elements similar to those 
in conventional coatings. 
A conventional coating 
consists of a pigment, a 
polymer that acts as an 
organic hinder, and a 
carrier liquid-generally 
a solvent. The solvent 
nonnally makes up two- 
thirds of typical coat- 
ings. As thc coating 
cures, the solvent evapo- 
rates, emitting VOCs. 

3M's low-VOC coating 
uses a pigment, two 
monomers-both acting 
as binders and one as car- 
rier-and photocatalysts. 
The monomer combina- 
tions arc urethane prccur- 
sors and acrylates, or 
epoxies and acrylates. 
The acrylate monomer 
behaves as a reactive 
solvent for the other 
monomer. But, instead ~~ .. .. ...... 
of cvaporating during 
curing, the acrylate 
becomes part of the 
coating material. 
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3M's dual-cure photocatalysts consist of 
a cationic organometallic compound plus 

ofthese new coatings. 
a coinitiator. When the photocatalysts are 
exposed to light in the presence of the 
monomers, they cause a chemical reactioii 
that polymerizes the two monomers simul- 
taneously-hence, the dual-cure label. 

Work on this technology began in  Septein- 
her 1988 when 3M started testing coatings 
containing various fonnulations of catalysts. 
monomers, and additives. These tests were 
aimed at determining the feasibility of the 
technology and improving the coating 
properlies, particularly toughness. 
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also yields a more diirahlr product. 

In a little more than a year, 3M began select- 
ing applications and markets to test the 
coatings. During this phase, 3M added 
pigments, scaled up production to 200-lb 
(90-kg) batches, and coated hundreds of 
feet of material, continually improving coat- 
ing properties. In  October 1991,3M began 
proof-of-principle tests-the next step 
toward commercialization. 

Often low-VOC coatings do not perform as 
well as conventional (high-VOC) coatings. 
However, 3M's coatings perform quite satis- 
factorily. Combining two monomers makes 
the coatings more durable, particularly 
increasing tensile strength, flexibility, and 
energy to break. The coatings dry quickly 
and do not  require costly high-temperature 
ovens. 

Major uses include tape adhesives 
and protective topcoats for aircraf. 
To test their commercial viability, 3M is eval 
uating the photocatalysts in epoxy-acrylate 

and urethane-acrylate formulations for a 
variety ofapplications. One application is as 

dispose of the VOC wastes. The balance 
will come from reducing the ainount of 

the backing saturant on its glass-fiber, high. 
temperature clectriciil tape. 3M estimates 
the dual-cure photocatalyst coatings will 
cost about the same as conventional high- 
solvent, high-VOC coatings. 

3M is also working with The Boeing 
Company to test urethane-acrylate topcoats 
on its aircraft. If the paints perform well, 
Boeing plans to run qualification tests to 
see if the coatings meet company material 
specifications. If so, Boeing will lhen 
propose to the U S  Air Force that it use 
the new coatings on its military aircraft. 

By using these new coatings, US. industly 
could reduce coating emissions by 
260,OOO tons (236,000 metric tons) per 
year-a 7.5% reduction-and save an 
equivalent of 5 million barrels of oil annual 
ly by 2010. More than half these savings 
will result from companies not needing 
to manufacture replacement ~olveiits or 

energy needed for curing. 

Through its involvement, OIT hopes to 
accelerate commercialization of these 
photocatalysts, allowing industry to muve 
to a mnre permanent solution to the VOC- 
emission problem. 
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