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This invention relates to the art of coating materials. 
It has particular reference to an improved quick-drying 
vehicle of the drying oil type for various coatings, and to 
an improved method for rapidly indurating or drying such 
a vehicle after the coating operation. 
The invention is applicable generally to coating mate 

rials utilizing a drying oil type of vehicle, where quick 
drying of the vehicle is desired. The term coating mate 
rials is intended to cover such vehicles or materials which 
embrace the characteristics of the subject invention and 
which may have applications in ?elds other than those 
speci?cally mentioned herein, such as, for example, photo 
sensitive resists for use in the graphic arts, plugging mate 
rials for use in the drilling operations encountered in the 
petroleum industries, ‘and the like. However, for illus 
trative purposes, and with no» intent to limit its ?eld of 
use, the invention will be described with particular refer 
ence to printing, wherein the coat-forming material is ap 
plied by a conventional printing plate. 

‘Printing inks as made heretofore consist mainly of a 
non-aqueous vehicle, namely a drying oil, pigmented to 
the desired color. The drying oils commonly used for 
printing inks, such as tung oil, linseed oil, rape seed oil, 
and oiticica oil, have by nature a drying rate which is 
slow compared to the potential ‘operating speeds of printing 
presses, even when the usual driers (e.g. cobalt) are added 
to the oils. Particularly with the advent of the higher 
speed presses and multiple color printing, the avoidance 
of smudges and off-set on the successive sheets coming 
from the printing press has presented a serious problem. 
While numerous attempts have been made to solve this 

problem, none of them, as far as we are aware, can be 
regarded as satisfactory. For example, the use of heat-set 
inks and steam~set inks, which were‘ developed for this 
purpose, require the addition of large and expensive acces 
sory equipment to the printing press in order to utilize the 
full productivity of the press; and the heat or steam tend 
to impair the dimensional stability of the paper and there 
fore the- quality of the ?nished printed matter. The use 
of ?ne powder sprays or a transparent protective coating 
over the freshly printed surface (see Costello Patent No. 
2,696,168, dated December 7, 1954), also requires con 
siderable accessory equipment and is generally incon 
venient. . 

It has also been proposed to increase the drying rate 
of printing'inks by employing a catalyst or polymeriza 
tion promoter for speeding up the drying of the vehicle, 
sometimes in conjunction with heat or radiation of certain 
light energy. These proposals likewise involve objec 
tionable features which have barred or greatly limited 
their commercial use. For example, a printing ink con 
taining a diacyl peroxide as the catalyst will undergo 
skinning and livering even after a short period of storage 
under ordinary conditions, due to the strong oxidizing 
effect of this peroxide on the eleostearin of the drying oil, 
asdisclosed in Hooft Patent No. 2,109,774, dated March 
1, 1938. Thus, Hooft proposed to apply the diacyl perox 
ide to the paper separately from the ink, which entails ob 
vious disadvantages in commercial printing. Wendt Pat 
ents Nos. 2,453,769 and 2,453,77-0_disclose printing inks 
containing certain methane derivatives for promoting poly 
merization of the drying oil, and irradiation of the printed 
material with ultra violet light of certain wave lengths; 
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but this expedient is admittedly unsuitable when a heat 
bodied tung oil is used as the vehicle, and the use of pure 
eleostearin as suggested by Wendt will obviously result 
in an unstable product having too short a shelf life for 
commercial purposes. 
The principal object of the present invention is to pro 

vide a quick-drying vehicle of the drying oil type and a 
method for rapidly indurating or drying such a vehicle. 
Another object is to provide a quick-drying printing ink 
and printing method which enable the printing press to 
operate at maximum speed with no smudging or o?-set- ‘ . 
ting on the successively printed sheets, and without im 
pairing the dimensional stability of the paper. Further 
objects are to provide a quick-drying ink containing a poly 
merization promoter activated by ultra-violet light, alpha 
rays, or other forms of cold energy, and to provide an ink 
of this character which is stable in that it can be stored 
for a long period of time under ordinary conditions with 
out livering. (While we have referred in the above to 
sheet~fed presses, it will be understood that the invention 
is also applicable to web-fed presses.) 
By a vehicle of the “drying oil type” we mean a vehicle 

containing a drying-oil binder having a conjugated system 
of double bonds. By “quick-drying” We mean that when 
the vehicle containing the ink pigment or other material 
is applied in a thin ?lm (about 2 to 4 microns in thickness) 
as in printing, it will dry or set in a matter of seconds; 
that is, the surface of the ?lm when irradiated for about 
l-—3 seconds with the cold energy, preferably ultra-violet 
light, becomes su?iciently dry so that in the .case of a 
printing ink, for example, it will not off-set on succeeding 
sheets coming from the press. However, the drying ac 
tion does not stop after the ultra-violet light or activating 
energy is removed. On the contrary, in the practice of 
the present invention we have found that Within about‘ 
10-30 seconds after such removal of the activating energy, 
the polymerization or drying action has penetrated the 
entire ?lm to provide a ?lm which is hard throughout. 
On the other hand, a ?lm ofthe same thickness consisting 
of the vehicle alone, when irradiated for the same period 
of time with the ultraviolet light, will dry through the 
entire depth of the ?lm in this short’ period of irradiation, 
there being no inert pigment in the vehicle to slow down 
the polymerization rate. . 

The quick-drying vehicle of the present invention is 
non-aqueous and consists essentially of a drying oil binder 
having a conjugated system of double bonds, and a com 
pound selected from the group consisting of titanates, 
and diisocyanates, such compound being soluble in the 
binder. We have found that compounds in this group 
act as a photopolymen'zation catalyst to promote a rapid 
polymerization of the binder when a ?lm or coating of the 
vehicle is irradiated with ultra-violet light. The latter 
thus constitutes an activating means for triggering a re 
action in which the catalyst readily absorbs ultra-violet 
light to form free radicals which, in turn form free radi 
cals with the binder of the vehicle. This provides a 
rapid reaction which completes the polymerization or 
drying of the vehicle in a matter of a few seconds. 
We have further found that these compounds will not 

cause skinning or livering of the vehicle. Accordingly, 
the invention makes possible the formulation of \vehicles 
having a long shelf life. 
The binder may be any of the drying oils commonly 

used in printing inks and containing conjugated unsatu 
ration, or a mixture of two or more such oils. Bodied 
tung oil is preferred as the conjugatedly unsaturated dry 
ing oil. As indicated above, however, the binder may 
comprise a conjugatedly unsaturated ‘drying oil, such as, 
tung oil and a portion of non-conjugatedly unsaturated 
drying oil. If the binder contains less than about 30% 
conjugated unsaturation, the vehicle will not undergo the 
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rapid and complete polymerization which is preferred 
for the purpose of the invention. 
The proportions of catalyst and drying oil binder in 

the vehicle are not critical, but we have found that 
for best results the catalyst should be present in an amount 
which is roughly 2% by weight of the ‘binder. 
The ultra-violet light used to trigger the polymer 

ization reaction is preferably a full spectrum of ultra-vio 
let, including 1800 A. to 4000 A., as we have found that 
isolated bands of the spectrum do not provide as rapid 
a polymerization as the full spectrum. An example of 
such a light source is a high pressure electronic discharge 
quartz mercury arc tube having an active length of about 
1% inches and drawing about 100 watts, the ultra-violet 
intensity of radiations of 3130 A. and shorter, measured at 
20 inches distance, being over 250 microwatts per square 
centimeter. 
The method of the invention comprises essentially the 

rapid induration of the drying oil binder by (1) forming 
a non-aqueous solution of the binder and a catalyst com 
pound selected from the group consisting of titanates and 
diisocyanates, (2) forming a ?lm of the resulting vehicle, 
and (3) irradiating the ?lm with cold energy (preferably 
ultra-violet light) adapted to activate the catalyst to form 
free radicals. 

In the preferred practice of the invention, the vehicle 
containing a pigment in the desired proportion is applied 
in any suitable manner in a ?lm to the material to be 
coated such as a paper, and is then irradiated with the 
ultra-violet light to trigger the polymerizing reaction. 

In the case of printing, the printing ink comprises the 
vehicle and the desired pigment suspended in the vehicle. 
The ink is applied in the usual manner by the printing 
press, and the source of ultra-violet light is positioned to 
irriadiate the printed surfaces of the successive sheets 
coming from the press. , 

In the following examples, a few drops of the vehicle 
in each case were placed upon a glass microscope slide 
and spread out to a thin ?lm with an accurately honed 
steel depth gate, so that the thickness of the various ?lms 
were substantially uniform for comparative purposes; and 
in each case, the thin ?lm on glass was placed one inch 
away from the ultra-violet source previously described 
and timed for complete polymerization to take place. 
The number of seconds required for the vehicle to poly 
merize or dry to a hard ?lm, starting with the inception of 
the irradiation, is given for each vehicle. For compara 
tive purposes, it was found that a similar ?lm of bodied 
tung oil by itself required 95 seconds of similar irridation 
before polymerizing to a hard ?lm. All percentages in 
these examples are on a weight basis. 

TITANATES 

Thin 
Film, Vehicle Composition, Wt. Percent 

_ Seconds 

(l2ril8% Bodied Tung Oil, 2% Isopropyl Titannte (CzILOh 
(2) 96% Bodied 'l‘ung Oil, 2% Isopropyl Titanate, 2% Cin 
namoyl Chloride I 

(3) 96% Bodied Tang Oil, 4% Isopropoxy Titanium Stearate 
4; 96% Bodied Tung Oil, 4% Octylene Glycol Titanate_-_._ 
5 92% Bodied Tung Oil, 2% Benzoyl Peroxide, 2% Benzil, 
2% Divinyl Benzene, 2% Isobut-yl Titan-ate ______________ - 

(6) 92% Bodied 'I‘ung Oil, 2% Benzoyl Peroxide, 2% Cinna 
moyl Chloride, 2% Divinyl benzene. 2% Isobutyl titanate. 

(7) 94% Bodied Tung Oil, 2% Divinyl Benzene, 2% Isobutyl 
titanate, 2% Cinnnrnoyl Chloride ________________________ -. 

DIISOCYANATES 

(8) 96.5% Bodied Tung Oil, 1.0% Polyvinyl Alcohol, 2.0% 
2,4-Toluene Diisocyanate, CHs-OnHs-(NCOM ......... -_ 

(9) 987a Bodied Tung Oil, 2% Diphenyl methane diisocy 
ana'e _ _ _ _ . _ . _ _ __ 

(10) 95% Bodied Tung Oil, 2% 3,3-Dlto1ylene-4,4-diisoey 
and e .......... _ 

(11) 96% Bodied Tung Oil, 4% Toluene-2,4-dilsoeyanate.._-_ 

15 

20 

45 

55 

60 

65 

70 

75 

ii 
In each of the foregoing examples, the vehicle dried to 

a hard ?lm during the speci?ed period of irradiation, the 
titanate giving a clear ?lm and the diisocyanate giving a 
matte film in each case. None of these vehicles exhibited 
any tendency to skin or liver during storage under ordin 
ary conditions after several weeks. 

Additional vehicles were made in which ‘butyl titanate, 
‘iso‘butyl titanate, 2-ethyl butyl titanate, and 2-ethyl hexyl 
titanate, respectively, were blended with bodied tung oil, 
the vehicle in each case containing 4% of the titanium 
ester and 96% of the bodied tung oil. Each of these 
vehicles polymerized to a hard clear ?lml in approximately 
4 seconds, under the conditions described in connection 
with the preceding examples. None of these additional 
vehicles exhibited any tendency to skin or liver when 
stored under ordinary conditions after several weeks. 

It was found that as the molecular weight of the titan 
ium compound is increased, the dried ?lm acquires a 
greasy feel similar to a tale or soapstone. It was further 
found that the titanate imparts a non-spreading character 
istic to the vehicle when applied to paper. Inks formed 
by pigmenting such a vehicle give more'clearly de?ned 
edges to the printed matter and thus improve the quality 
of the printing. Apparently, the amphoteric nature of 
titanium causes a “?xing” of the vehicle on the paper 
?bers so that the vehicle does not spread out due to 
capillary action or surface tension. The vehicle will pene~ 
trate the paper Without enlarging the surface area of the 
vehicle. 
The titanates provide a rapid polymerization of the 

tung oil under the action of the irradiated energy, re 
sulting in a clear, hard, glassy film. In addition, the alkyl 
titanates react with active hydrogen materials to produce 
titanium hydrate and the released ester. The members of 
the alkyl titanates of higher molecular weights hydrolyze . 1 
very slowly, and the hydrolysis rate for the lower members 
can be controlled by the proper choice of solvent. In the 
case of inks made from the new vehicle containing an 
alkyl titanate, the latter apparently reacts with the active 
hydrogen in the cellulose molecules in the paper to pre 
vent spreading of the ink ?lm by capillary action. 
The use of a diisocyanate as the photopolymerization 

catalyst is particularly advantageous for dry-offset printing 
where no moisture comes into contact with the ink. The 
diisocyanates have the property of polymerizing in the 
presence of materials containing active hydrogen (glycols, 
alcohols, esters, water, etc.). 
We claim: 
1. A method of rapidly , indurating a polymerizable 

binder of the drying oil type having a conjugated system of 
double bonds, which comprises forming a non-aqueous 
solution of said binder and a soluble photopolymerization 
catalyst selected from the group consisting of saturated 
organic titanates and diisocyanates, forming a ?lm of said 
solution, and irradiating said ?lm with actinic rays adapted 
to ‘activate the catalyst. 

2. A method according to claim 1, in which said actinie 
rays are‘ ultra-violet light. 

3. A method according to claim 1, in which said actinic 
rays are the full spectrum of ultra-violet light. 

4. A method according to claim‘ 1, in which said binder 
has a conjugated unsaturation of at least about 30%. 

5. In the art of printing a sheet, the improvement which 
comprises forming a non-aqueous solution of a polymer 
izable binder of the drying oil type and ‘a soluble photo 
polymerization catalyst selected from the group consist 
ing of saturated organic titanates and diisocyanates, the 
binder having a conjugated system of double bonds, said 
solution containing a pigment in suspension to form an 
ink, printing the sheet with said ink, and irradiating the 
printed surface of the sheet with actinic rays adapted to 
activate the catalyst, thereby rapidly indurating the ink. 

6. The improvement according to claim 5, in which said 
binder has a conjugated unsaturation of at least about 
30%. 
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7. The improvement according to claim 5, in which 
said actinic rays are ultra-violet light. 

8. The improvement according to claim 5, in which said 
actinic rays are the -full spectrum of ultra~violet light. 

9. A stable non-aqueous quick-drying vehicle for coat 
ing materials which comprises a drying oil binder having 
a conjugated system of double bonds and an oil-soluble 
saturated organic titana-te photopolymerization catalyst, 
said drying oil and organic titanate ‘being in substantially 
unreacted form and adapted to quickly dry when exposed 
in a thin ?lm to actinic rays. 

10. A vehicle according to claim 9, in which the binder 
has a conjugated unsaturation of at least about 30%. 

11. A vehicle according to claim 9, in which the catalyst 
is present in an amount in the order of 2% by weight of 
the 'binder. 

12. A stable quick-drying printing ink comprising a 
drying oil binder having a conjugated system of double 
bonds, a pigment suspended in the vbinder and a soluble 
saturated organic titanate photopolymerization catalyst, 
said drying oil and titanate being in substantially unreact 
ed form and adapted vto quickly dry when exposed in a 
thin ?lm to actinic rays. 

13. A printing ink according to claim 12, in which the 
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binder has a conjugated unsaturation of at least about 
30%. 
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