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[57] ABSTRACT 
A process is provided for the production of a coating 
composition containing microcapsules having a hydro-
philic core for use in the manufacture of pressure-sensi-

tive carbonless transfer papers comprising the following 
steps. A hydrophilic emulsion component is prepared 
by dispersing at least one chromogenic material being 
soluble in the hydrophilic liquid. A hydrophobic emul-
sion component is prepared by dispersing an emulsifier 
in a radiation curable hydrophobic liquid. A first wall-
forming material and a second wall-forming material 
are added to the hydrophobic emulsion component, 
with mixing. The first and second wall-forming materi-
als are soluble in the hydrophobic emulsion component, 
and the first wall-forming material is reactive with the 
second wall-forming material to form a polymeric cap-
sule wall. The resultant polymeric capsule wall is sub-
stantially insoluble in the hydrophilic and the hydro-
phobic emulsion components. The hydrophobic emul-
sion component is mixed together with the hydrophilic 
emulsion component to form an emulsion containing 
droplets of the hydrophilic emulsion component dis-
persed in the hydrophobic emulsion component. Mixing 
is maintained for a period of time sufficient to allow the 
first and second wall-forming materials to react to form 
a dispersion of microcapsules in the hydrophobic emul-
sion component. The formed microcapsules have cap-
sule walls substantially impermeable to the hydropho-
bic and the hydrophilic emulsion components. 

Pressure-sensitive carbonless transfer paper may be 
produced by applying the dispersion of the microcap-
sules prepared as above to a substrate, and curing the 
dispersion by subjecting the dispersion on the substrate 
to radiation for a period of time sufficient to cure the 
radiation curable hydrophobic liquid, thereby produc-
ing a tack-free, resinous film on the substrate. 

25 Claims, No Drawings 
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PROCESS FOR THE PRODUCTION OF A 
PRESSURE-SENSITIVE CARBONLESS COPY 

SHEET USING MICROCAPSULES FORMED IN 
SITU IN A RADIATION CURABLE BINDER 5 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to the production of radiation 

curable microcapsular coating compositions. In particu- 10 

lar, it relates to the production of microcapsules con-
taining a hydrophilic core by reaction of two wall-form-
ing materials in a hydrophobic liquid wherein the hy-
drophobic liquid is a radiation curable organic liquid. In 
one embodiment of this invention, the encapsulated 15 

hydrophilic liquid contains a chromogenic material 
soluble in the encapsulated hydrophilic liquid. A disper-
sion of these microcapsules can be coated on a substrate 
and cured by radiation to give a pressure-sensitive car-
bonless copy sheet having a transfer coating. 2 0 

2. Prior Art 
The production of microcapsules containing an en-

capsulated oily (hydrophobic) liquid wherein the mi-
crocapsule walls are produced by reaction of polyisocy-
anate and a second wall-forming material is described in 
U.S. Pat. No. 3,796,669 to Kiritani et al. Both the poly-
isocyanate wall-forming material and the second wall-
forming material are mixed with the oily liquid. The 
mixed oily liquid is dispersed into an aqueous continu-
ous phase to form a dispersion of oil drops and the 
temperature is raised to initiate the reaction on the sur-
face of the oil drops thus encapsulating the oil drops 
with the reaction product of the polyisocyanate and 
second wall-forming material. A catalyst for the reac- 35 
tion may also be added to the oily liquid. 

Carbonless copy paper, briefly stated, is a standard 
type of paper wherein during manufacture the backside 
of the paper substrate is coated with what is referred to 
as a CB or transfer coating, the CB coating containing ^ 
one or more chromogenic materials, generally in capsu-
lar form. At the same time the front side of the paper 
substrate is coated during manufacture with what is 
referred to as a CF coating, which contains one or more 
chromogenic materials capable of producing a color 45 
with the encapsulated CB chromogenic material. Both 
the chromogenic materials remain in the coatings on the 
respective back and front surfaces of the paper in sub-
stantially colorless form. This is true until the CB and 
CF coatings are brought into overlying relationship and 50 
sufficient pressure, as by a typewriter, is applied to 
rupture the CB coating to release the encapsulated 
chromogenic material. At this time the chromogenic 
material contacts the CF coating and reacts with the 
chromogenic material therein to form a colored image. 55 
Carbonless copy paper has proved to be an exception-
ally valuable image transfer media for a variety of rea-
sons, only one of which is the fact that until a CB coat-
ing is placed next to a CF coating both the CB and CF 
coatings are in an inactive state as the coreactive ele- 60 
ments are not in contact with one another until pressure 
is applied. Patents relating to carbonless copy paper 
products are: 

U.S. Pat. No. 2,712,507 (1955) to Green 
U.S. Pat. No. 2,730,456 (1956) to Green et al. 65 
U.S. Pat. No. 3,455,721 (1969) to Phillips et al. 
U.S. Pat. No. 3,466,184 (1969) to Bowler et al. 
U.S. Pat. No. 3,672,935 (1972) to Miller et al. 

10 

A disadvantage of coated paper products such as 
carbonless transfer paper stems from the necessity of 
applying a liquid coating composition containing the 
color forming ingredients during the manufacturing 
process. In the application of such coatings, volatile 
organic solvents are sometimes used which then in turn 
requires evaporation of excess solvent to dry the coat-
ing thus producing volatile solvent vapors. An alternate 
method of coating involves the application of the color 
forming ingredients in an aqueous slurry, again requir-
ing removal of excess water by drying. Both methods 
suffer from serious disadvantages. In particular, the 
organic solvent coating method necessarily involves the 
production of generally volatile solvent vapors, creat-
ing both a health and a fire hazard in the surrounding 
environment. When using an aqueous solvent system 
the water must be evaporated which involves the ex-
penditure of significant amounts of energy. Further, the 
necessity of a drying step requires the use of complex 
and expensive apparatus to continuously dry a substrate 
which has been coated with an aqueous coating com-
pound. A separate but related problem involves the 
disposal of polluted water. The application of heat not 
only is expensive, making the total paper manufacturing 
operation less cost effective, but also is potentially dam-
aging to the chromogenic materials which are generally 
coated onto the paper substrate during manufacture. 
High degrees of temperature in the drying step require 
specific formulation of coating compositions which 
permit the use of excess heat. The problems encoun-
tered in the actual coating step are generally attributa-
ble to the necessity for a heated drying step following 
the coating operation. 

The novel process and liquid coating composition of 
this invention are superior to those used in the prior art 
microcapsular coating of substrates in that they do not 
need an organic solvent or water in their coating com-
position, thus avoiding the disadvantages associated 
with solvent removal during drying. The liquid radia-
tion curable substance is a solvent for the wall-forming 
material in the hydrophobic liquid. The liquid radiation 
curable substance cures by radiation to give a tack-free 
film containing microcapsules. The cured film acts as a 
binder to adhere the microcapsules to the substrate. 

In general, patents concerned with the production 
and application of liquid resin compositions containing 
no volatile solvent which are subsequently cured by 
radiation to a solid film are: 

U.S. Pat. No. 3,551,235 (1970) to Bassemir et al. 
U.S. Pat. No. 3,551,246 (1970) to Bassemir et al. 
U.S. Pat. No. 3,551,311 (1970) to Nass et al. 
U.S. Pat. No. 3,558,387 (1971) to Bassemir et al. 
U.S. Pat. No. 3,661,614 (1972) to Bassemir et al. 
U.S. Pat. No. 3,720,534 (1973) to Macaulay et al. 
U.S. Pat. No. 3,754,966 (1973) to Newman et al. 
U.S. Pat. No. 3,772,062 (1973) to Shur et al. 
U.S. Pat. No. 3,772,171 (1973) to Savageau et al. 
U.S. Pat. No. 3,801,329 (1974) to Sandner et al. 
U.S. Pat. No. 3,819,496 (1974) to Roskott et al. 
U.S. Pat. No. 3,847,768 (1974) to Kagiya et al. 
U.S. Pat. No. 3,847,769 (1974) to Garratt et al. 

These compositions generally also contain a pigment or 
dye. Such resin compositions are useful for protective 
coatings and fast drying inks. U.S. Pat. No. 3,754,966 
describes the production of an ink releasing dry transfer 
element which can be used as a carbon paper or type-
writer ribbon. It is significant to note here that the par-
ticular radiation cured coating must be compatible with 
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the reaction of CB and CF chromogenic materials to 
form a color. Such color forming reactions are gener-
ally of a sensitive or delicate nature and are not gener-
ally compatible with the compositions found in the 
prior art. 5 

The novel liquid coating compositions of this inven-
tion contain microcapsules having an aqueous core 
liquid. The microcapsule walls are produced by a reac-
tion of two wall-forming materials in a radiation curable 
hydrophobic liquid. Prior to the discovery of this inven- 10 

tion, it was not known that such microcapsules could be 
produced in situ in radiation curable liquid composi-
tions. For purposes of this disclosure, a tack-free film is 
one which will separate cleanly from a cotton ball 
lightly pressed against the film. The cotton fibers will 15 

not adhere to the film surface. 
An especially preferred application of the process of 

this invention is in the continuous production of a mani-
fold carbonless form. The continuous production of a 
manifold paper product would require simultaneous 
coating, simultaneous drying, simultaneous printing, 
and simultaneous collating and finishing of a plurality of 
paper substrates. Thus, Busch in Canadian Pat. No. 
945,443 indicates that in order to do so there would be ^ 
a minimum wetting of the paper web by water during 
application of the CB emulsion coat. For that purpose a 
high solids content emulsion is used and special driers 
are described in Busch. However, because of the com-
plexities of the drying step, this process has not been 
commercially possible to date. More particularly, the 
drying step involving solvent evaporation and/or water 
evaporation and the input of heat does not permit the 
simultaneous or continuous manufacture of manifold 
forms. In addition to the drying step which prevents 35 
continuous manifold form production the necessity for 
the application of heat for solvent evaporation is a seri-
ous disadvantage since aqueous coatings require that 
special grades of generally more expensive paper be 
employed and even these often result in buckling, dis- ^ 
tortion or warping of the paper by the water present in 
the coating. Additionally, aqueous coatings are gener-
ally not suitable for spot application or application to 
limited areas of one side of a sheet of paper. They are 
generally suitable only for application to the entire 45 
surface area of a sheet to produce a continuous coating. 

Another problem which has been commonly encoun-
tered in attempts to continuously manufacture manifold 
forms has been the fact that a paper manufacturer must 
design paper from a strength and durability standpoint 50 
to be adequate for use in large variety of printing and 
finishing machines. This requires a paper manufacturer 
to evaluate the coating apparatus of the forms manufac-
turers he supplies in order that the paper can be de-
signed to accommodate the apparatus and process de- 55 
signed exhibiting the most demanding conditions. Be-
cause of this, a higher long wood fiber to short wood 
fiber ratio must be used by the paper manufacturer than 
is necessary for most coating, printing or finishing ma-
chines in order to achieve a proper high level of 60 
strength in his finished paper product. This makes the 
final sheet product more expensive as the long fiber is 
generally more expensive than a short fiber. In essence, 
the separation of paper manufacturer from forms manu-
facturer, which is now common, requires that the paper 65 
manufacturer overdesign his final product for a variety 
of machines, instead of specifically designing the paper 
product for known machine conditions. 

5,678 
14 

By combining the manufacturing, printing and finish-
ing operations into a single on-line system a number of 
advantages are achieved. First, the paper can be made 
using ground wood and a lower long fiber to short fiber 
ratio as was developed supra. This is a cost and poten-
tially a quality improvement in the final paper product. 
A second advantage which can be derived from a com-
bination of manufacturing, printing and finishing is that 
waste or re-cycled paper hereinafter sometimes referred 
to as "broke" can be used in the manufacture of the 
paper since the quality of the paper is not of an over-
designed high standard. Third and most importantly, 
several steps in the normal process of the manufacture 
of forms can be completely eliminated. Specifically, 
drying steps can be eliminated by using a non-aqueous, 
solvent-free coating system and in addition, the ware-
housing and shipping steps can be avoided, thus result-
ing in a more cost efficient product. 

Additionally, by using appropriate coating methods, 
namely radiation curable coating compositions and 
methods, and by combining the necessary manufactur-
ing and printing steps, spot printing and spot coating 
can be realized. Both of these represent a significant 
cost savings but nevertheless one which is not generally 
available when aqueous coatings are used or where the 
manufacture, printing and finishing of paper are per-
formed as separate functions. An additional advantage 
of the use of radiation curable coating compositions and 
the combination of paper manufacturer, printer and 
finisher is that when the option of printing followed by 
coating is available significant cost advantages occur. 

STATEMENT OF THE INVENTION 
In one aspect of the invention, a process is provided 

for the production of a coating composition containing 
microcapsules having a hydrophilic core for use in the 
manufacture of pressure-sensitive carbonless transfer 
papers comprising the following steps. A hydrophilic 
emulsion component is prepared by dispersing at least 
one chromogenic material in a hydrophilic liquid, the 
chromogenic material being soluble in the hydrophilic 
liquid. A hydrophobic emulsion component is prepared 
by dispersing an emulsifier in a radiation curable hydro-
phobic liquid. A first wall-forming material and a sec-
ond wall-forming material are added to the hydropho-
bic emulsion component, with mixing. The first and 
second wall-forming materials are soluble in the hydro-
phobic emulsion component, and the first wall-forming 
material is reactive with the second wall-forming mate-
rial to form a polymeric capsule wall. The resultant 
polymeric capsule wall is substantially insoluble in the 
hydrophilic and the hydrophobic emulsion compo-
nents. The hydrophobic emulsion component is mixed 
together with the hydrophilic emulsion component to 
form an emulsion containing droplets of the hydrophilic 
emulsion component dispersed in the hydrophobic 
emulsion component. Mixing is maintained for a period 
of time sufficient to allow the first and second wall-
forming materials to react to form a dispersion of micro-
capsules in the hydrophobic emulsion component. The 
formed microcapsules have capsule walls substantially 
impermeable to the hydrophobic and the hydrophilic 
emulsion components. 

In another aspect of the invention, pressure-sensitive 
carbonless transfer paper may be produced by applying 
the dispersion of the microcapsules prepared as above 
to a substrate, and curing the dispersion by subjecting 
the dispersion on the substrate to radiation for a period 
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of time sufficient to cure the radiation curable hydro-
phobic liquid, thereby producing a tack-free, resinous 
film on the substrate. 

DETAILED DESCRIPTION OF THE 5 
INVENTION 

The coating composition of this invention is essen-
tially a dispersion of microcapsules containing a chro-
mogenic material or materials dissolved in a hydrophilic 
liquid in a radiation curable hydrophobic liquid as a 10 

continuous phase. The dispersion of microcapsules is 
prepared in situ in the radiation curable hydrophobic 
liquid by reaction of a first wall-forming material and a 
second wall-forming material both present in the radia-
tion curable hydrophobic liquid. For purposes of this 
application, the term "chromogenic" shall be under-
stood to refer to materials such as color precursors, 
color developers, and color formers. 

The coating composition can contain additional ma- 2 0 
terials which function as photoinitiators. Addition of 
these materials depends upon the particular method of 
curing the microcapsular coating. Filler materials can 
also be added to modify the properties of the cured film. 
The use of non-reactive solvents for the radiation cur- 25 
able liquid, which require heat to remove them during 
the drying or curing of the coated film, is avoided. 
However, minor amounts of nonreactive solvents can 
be tolerated without requiring a separate step for drying 
during any subsequent curing step. Although the prod- 30 
uct and process of this invention are useful in the manu-
facture of a variety of microencapsulated products, the 
preferred use of the process and product of this inven-
tion is in the production of a pressure-sensitive carbon-
less transfer sheets such as is described in commonly- 35 
assigned co-pending U.S. application Ser. No. 684,462, 
filed May 7, 1976. 

In general, the hydrophilic liquids known in the art, 
as illustrated by those listed in U.S. Pat. No. 3,432,427 to 
Kan et al., can be used in the practice of this invention. 40 
Examples of the preferred hydrophilic liquids are wa-
ter, glycerin, 1,4-butanediol, polyethylene glycol, 1,2-
propylene glycol, 2,3-butylene glycol, polypropylene 
glycol, triethylene glycol, triethylene glycol mon-
methyl ether, diethylene glycol, ethylene diamine, tri- 4 5 

ethylene diamine, diethylene triamine, triethylene tetra-
mine, tetraethylene pentamine, polyethylenimine and 
mixtures thereof. 

In the preferred use of this invention to prepare pres-
sure-sensitive transfer sheets, the most preferred hydro-
philic liquid is a mixture of water and glycerin. The 
hydrophilic liquid also contains at least one chromo-
genic material dissolved therein. Besides being soluble 
in the hydrophilic liquid, the chromogenic materials 55 
should be essentially insoluble in the hydrophobic liquid 
and should not be substantially reactive to any apprecia-
ble degree with the other ingredients of the coating 
composition, such as the hydrophilic liquid, the radia-
tion curable substance and the wall-forming materials, go 
The chromogenic material can be selected from any 
color-forming pair in which one chromogenic material 
reacts with another chromogenic material in the pres-
ence of the hydrophilic liquid to form a color. Follow-
ing are pairs in which the first mentioned chromogenic 65 
material is particularly useful in the practicing of this 
invention. A most preferred chromogenic material is 
sodium orthovanadate. 

10 

C o l o r F o r m e r Pa i r s C O L O R 

50 

A m m o n i u m fe r r i c su l fa te - Po tass ium f e r r o c y a n i d e Blue 
A m m o n i u m fe r r i c su l fa te - Po tass ium t h i o c y a n a t e R e d b r o w n 
A m m o n i u m fe r r i c su l fa te - Sa l icy la ldoxime B r o w n 
A m m o n i u m fe r r i c su l fa te - Ga l l i c acid Bfack 
A m m o n i u m fer r ic su l fa te - T a n n i c acid Black 
A m m o n i u m fe r r i c su l fa te - C a t e c h o l Black 
A m m o n i u m fe r r i c su l fa te - 8 - H y d r o x y q u i n o l i n e Black 
F e r r i c o lea te - C a t e c h o l Vio le t -Black 
F e r r i c o lea te - S o d i u m d i e t h y l d i t h i o c a r b o n a t e Black 
S o d i u m o r t h o v a n a d a t e - 2 -E t hy l hexy l gal la te Black 
S o d i u m o r t h o v a n a d a t e - Ga l l i c acid Black 
A m m o n i u m m e t a v a n a d a t e - Ga l l i c acid Black 
A m m o n i u m m e t a v a n a d a t e - T a n n i c ac id Black 
F e r r i c su l fa te - 2 ,4 -d in i t ro - l -nap th tho l Black 
C u p r i c su l fa te - D i t h i o x a m i d e Black 
C u p r i c o lea te - D i t h i o x a m i d e Black 

The chromogenic materials are present in the hydro-
philic liquid in an amount from about 0.2 to 10% based 
on the weight of the hydrophilic liquid. The most pre-
ferred range is from about 0.5 to about 4.0%. 

The radiation curable liquids useful in the practice of 
this invention comprise the free radical polymerizable 
ethylenically unsaturated organic compounds. These 
compounds contain at least one terminal ethylenically 
unsaturated group per molecule. These compounds are 
hydrophobic liquids and function as a continuous hy-
drophobic phase during the in situ preparation of the 
microcapsules and as a dispersing medium for the mi-
crocapsules and other ingredients of the coating compo-
sition prior to the coating operation. They are non-reac-
tive with the wall-forming materials and they are cur-
able to a solid resin when exposed to ionizing or ultravi-
olet radiation. Thus the cured resin acts as a binder for 
the microcapsules to a substrate such as paper. 

A group of useful radiation curable compounds are 
the polyfunctional ethylenically unsaturated organic 
compounds which have more than one (two or more) 
terminal ethylenic groups per molecule. Due to the 
polyfunctional nature of these compounds, they cure 
rapidly under the influence of radiation by polymeriza-
tion, including cross-linking, to form a hard, dry, tack-
free film. 

Included in this group of radiation curable com-
pounds are the polyesters of ethylenically unsaturated 
acids such as acrylic acid and methacrylic acids, and a 
polyhydric alcohol. Examples of some of these poly-
functional compounds are the polyacrylates or methac-
rylates of trimethylolpropane, pentaerythritol, dipenta-
erythritol, ethylene glycol, trethylene glycol, propylene 
glycol, glycerin, sorbitol, neopentylglycol and 1,6-hex-
anediol, hydroxy-terminated polyesters, hydroxy-ter-
minated epoxy resins, and hydroxy-terminated polyure-
thanes and polyphenols such as bisphenol A. 

Also included in this group are polyallyl and polyvi-
nyl compounds such as diallyl phthalate and tetrallylox-
yethane, and divinyl adipate, butane divinyl ether and 
divinylbenzene. Mixtures of these polyfunctional com-
pounds and their oligimers and prepolymers may be 
used if desired. 

Another group of radiation curable compounds 
which are useful are the monofunctional ethylenically 
unsaturated organic compounds which have one termi-
nal ethylenic group per molecule. Examples of such 
monofunctional compounds are the C2 to C^ alcohol 
esters of acrylic and methacrylic acid, and styrene, 
substituted styrenes, vinyl acetate, vinyl ethers and allyl 
phenols. In general, these compounds are liquid and 
have a lower viscosity than the polyfunctional ethyleni-
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cally unsaturated compound and thus may be used to Chem. Co.), and Desmodur N-100 (a biuret containing 
reduce the viscosity of the coating composition to facili- aliphatic isocyanate produced and sold by Mobay 
tate migration of the wall-forming materials during Chem. Co.). The radiation curable hydrophobic liquid 
preparation of the microcapsules. These compounds are may also contain a catalyst to promote the reaction of 
radiation curable and react with the ethylenically unsat- 5 the first and second wall-forming materials. Such cata-
urated polyfunctional organic compounds during radia- lysts include amines, organo-metallic compounds and 
tion curing to give a dry flexible film. Compounds hav- various organic acid salts of metals, 
ing only one terminal ethylenic group may be used A photoinitiator is added to the coating composition 
alone as the radiation curable hydrophobic liquid. How- if the composition is to be cured by ultraviolet radiation, 
ever, the resultant radiation cured film may be rather 10 A wide variety of photoinitiators are available which 
soft and pliable and hence less preferred commercially serve well in the system described in this invention. The 
than other ethylenically unsaturated compounds. preferred photoinitiators are the benzoin alkyl ethers, 

The preferred radiation curable hydrophobic liquid is such as Vicure 30 (a mixture of alkylbenzoin ethers 
a mixture containing one or more monofunctional com- manufactured and sold by Stauffer Chemical Co., West-
pounds and one or more polyfunctional compounds. 15 port, Conn.), benzoin butyl ether (Vicure 10, Stauffer), 
The monofunctional compounds due to their generally benzoin methyl ether, and a,a-diethoxyacetophenone. 
lower viscosity, tend to more easily disperse the hydro- Other photoinitiators which can be used are benzophe-
philic liquid into droplets of the desired size. The poly- none, 4,4'-bis'(dimethylamino)benzophenone, ferro-
functional compounds tend to cure more rapidly and cene, xanthone, thioxanthane, a,a-azobisisobutylnitrile, 
due to cross-linking give a harder tougher resin film. 20 decabromodiphenyl oxide, pentabromomono-
This is particularly so when compounds of higher mo- chlorocylohexane, pentachlorobenzene, poly-
lecular weight, such as the oligimers and prepolymers chorinated biphenyls such as the Arochlor 1220 series 
of the polyfunctional compounds, are used. In a pre- (manufactured and sold by Monsanto Chemical Co., St 
ferred process of this invention, the lower viscosity Louis, Mo.), benzoin ethyl ether, 2-ethyl anthroqui-
monofunctional compounds are used as the dispersing 25 none, l-(chloroethyl) naphthalene, desyl chloride, chlo-
media for the preparation of the microcapsules and the rendic anhydride, naphthalene sulfonyl chloride and 
higher viscosity, faster curing polyfunctional com- 2-bromoethyl ethyl ether. The amount of photoinitiator 
pounds, particularly the oligimers and prepolymers of added can be from about 0.2 to about 10% by weight of 
these compounds, are added after the microcapsules are the coating composition, with a preferred range from 
formed and prior to coating on a substrate. 30 about 1 to about 8% by weight. 

The radiation curable hydrophobic liquid can be Photoinitiation synergists can also be added to the 
present in the microcapsular coating composition in an ultraviolet curable coating compositions. Photoinitia-
amount of from about 25 to about 75% by weight of the tion synergists serve to enhance the initiation efficiency 
composition. The preferred range is from about 35 to of the photoinitiators. The preferred synergists are the 
about 65% and the most preferred range is from about 35 chain transfer agents, such as the tertiary alcoholamines 
40 to about 55%. and substituted morpholines, triethanolamine, N-

The radiation curable hydrophobic liquid acts as the methyldiethanolamine, N,N-dimethylethanolamine and 
continuous or external phase in the in situ formation of N-methylmorpholine. The amount of photoinitiation 
the microcapsules. The first and second wall-forming synergist added can be from about 0.2 to about 10% by 
materials are compatible with the radiation curable 40 weight of the coating composition, with a preferred 
hydrophobic liquid. These first and second wall-form- range of from about 3 to about 8% by weight, 
ing materials are reactible with each other to form a In the preparation of the microcapsules, a hydropho-
polymer insoluble in hydrophilic and hydrophobic liq- bic emulsion component is prepared by dissolving or 
uids. The first wall-forming material can be selected dispersing an emulsifier in the radiation curable hydro-
from the group consisting of polyols, epoxy com- 45 phobic liquid. A hydrophilic emulsion component is 
pounds, polythiols, polyamines, acid anhydrides, and prepared by dissolving the chromogenic material in 
polycarboxylic acids, and mixtures thereof. The polyols water or other aqueous media. Preparation of each of 
include, for example, resorcinol, 1,3-naphthalenediol, these emulsion components is easily accomplished by 
bisphenol A, 1,3-propylene glycol, 1,5-pentanediol and stirring together at room temperature the materials of 
the like. The epoxy compounds are, for example, di- 50 each component. The Brookfield viscosity of the hy-
glycidyl ether, glycerin triglycidyl ether and diglycidyl drophobic emulsion component can be from about 0.5 
ether of bisphenol A. Examples of polythiols, are thio- cps. to about 1000 cps. The preferred viscosity is about 
glycol and thioglycol condensates. Polyamines include, 1 cps. to about 500 cps. and the most preferred viscosity 
for example, p-phenyleneamine, and phthalamide and is from about 1 cps. to about 50 cps. 
the like. Examples of acid anhydrides include maleic 55 The hydrophobic and hydrophilic emulsion compo-
anhydride and succinic anhydride. Examples of poly- nents, which are two immiscible liquids, are mixed to-
carboxylic acids are malonic acid, succinic acid and gether with high agitation to form droplets of the hy-
tetraphthalic acid. The preferred first wall-forming drophilic emulsion component in the hydrophobic 
material are the polyols. The second wall-forming mate- emulsion component. The hydrophilic emulsion com-
rial is a polyisocyanate and may include (a) diisocya- 60 ponent contains a hydrophilic carrier liquid and dis-
nates, such as m-phenylmethane-4,4'-diisocyanate; (b) solved therein the chromogenic material. The hydro-
triisocyanates, such as toluene-2,4,6-triisocyanate; (c) phobic emulsion component contain radiation curable 
tetraisocyanates, such as 2,2',5,5'-tetraisocyanate; (d) hydrophobic liquid and an emulsifying agent. At this 
isocyanate prepolymers such as Desmodur E-21 (an point the hydrophobic emulsion component may or 
aromatic polyisocyanate prepolymer produced and sold 65 may not contain the first and second wall-forming mate-
by Mobay Chem. Co.), Mondur CB-75 (75% of a high rial. These wall-forming materials can be added to the 
molecular weight adduct of toluene isocyanate and hydrophobic emulsion component prior to emulsifica-
25% of ethyl acetate produced and sold by Mobay tion or, alternatively, they may be added to the hydro-
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phobic emulsion component (continuous phase) after 
the emulsification step. To facilitate mixing, both the 
first and the second wall-forming material may be dis-
solved or dispersed in additional radiation curable hy-
drophobic liquid prior to this addition. In any event, 
both the first and second wall-forming material must be 
soluble in the radiation curable hydrophobic liquid. The 
term "soluble" as used herein is intended to describe 
wall-forming materials which are only partially soluble 
in and give hazy solutions in the radiation curable hy-
drophobic liquid as well as those which are completely 
soluble in the radiation curable hydrophobic liquid. 

After emulsification, the emulsion is stirred for a 
period of about 3 hours to about 16 hours at a tempera-
ture of about 0" to about 60° C., preferrably room tem-
perature to about 40° C., to allow the first and second 
wall-forming materials to react and form a dispersion of 
microcapsules having capsule walls which are substan-
tially impermeable to both the hydrophilic and hydro-
phobic emulsion components used to form the micro-
capsules. The microcapsules should be from about 0.1 
micron to about 50 microns in diameter. A preferred 
range is from about 5 to 15 microns. 

A catalyst to promote the reaction of the first and 
second wall-forming materials may be added if desired 
to the hydrophobic emulsion component prior to emul-
sification. Such catalysts are known from U.S. Pat. No. 
3,796,669 mentioned supra and include amines, organo-
metallic compounds, various organic salts of metals, 
tertiary phosphine, alkaline metal compounds, and radi-
cal forming agents. A preferred catalyst is dibutyl tin 
laurate. 

In a preferred embodiment of the process of this 
invention, the radiation curable hydrophobic liquid is 
divided into two portions and the first portion is present 
in the hydrophobic emulsion component prior to the 
emulsification step. A second portion of the radiation 
curable hydrophobic liquid containing, in particular, 
faster curing polyfunctional oligimers and prepolymers 
may be added after the microcapsules are formed. At 
this point, other materials such as the photoinitiation 
synergists may be added to give a coatable composition. 
Stilt material may be added, if desired, to prevent pre-
mature rupture of the microcapsules. 

The microcapsular coating composition of this inven-
tion can be applied to a substrate, such as paper or a 
plastic film by any of the common paper coating pro-
cesses such as roll, air knife, or blade coating, or by any 
of the common printing processes, such as offset, gra-
vure, or flexographic printing. The rheological proper-
ties, particularly the viscosity, of the coating composi-
tion, can be adjusted for each type of application by 
proper selection of the type, molecular weight and 
relative amounts of the liquid radiation curable com-
pounds. 

These coating compositions can be cured by any free 
radical initiated chain propagated addition polymeriza-
tion reaction of the terminal ethylenic groups of the 
radiation curable compounds. These free radicals can be 
produced by several different chemical processes in-
cluding the thermal or ultraviolet induced degradation 
of a molecular species and any form of ionizing radia-
tion such as alpha-particles, beta-rays (high-energy elec-
trons), gamma-rays, X-rays and neutrons. 

The preferred curing process is by exposure of the 
coating composition to ultraviolet radiation having a 
wavelength of about 2000 A to about 4000 A. For cur-
ing to occur the composition must contain suitable ul-
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traviolet absorbing photoinitiators which will produce 
polymerization initiating free radicals upon exposure to 
the radiation source. A typical ultraviolet source suit-
able for this type of curing process is a Hanovia 200 

5 watt medium pressure mercury lamp. Curing efficien-
cies of the coating composition are dependent on such 
parameters as the nature of the radiation curable sub-
stance, atmosphere in contact with the coating, quan-
tum efficiency of the radiation absorbed, thickness of 

10 coating and inhibitory effects of the various materials in 
the composition. 

In the ionizing radiation induced curing of these coat-
ing compositions a specific radiation absorbing material 
(photoinitiator) is not necessary. Exposure of the coat-

15 ing composition to a source of high energy electrons 
results in spontaneous curing of the composition to a 
tough, tack-free coating. Any of a number of commer-
cially available high energy electron beam or linear 
cathode type high energy electron sources are suitable 

20 for curing these compositions. Parameters such as the 
atmospheric environment and inhibitory effects of the 
various materials in the composition play an important 
role in the determination of the curing efficiency of 
these compositions. 

25 The following examples further illustrate but do not 
limit the invention: 

EXAMPLE 1 
In 30 parts of distilled water was dissolved 2.1 parts 

30 of vanadium pentoxide, 3.9 parts of sodium hydroxide, 
60 parts of glycerin and 40 parts of sodium bromide 
(Liquid A). The vanadium pentoxide and sodium hy-
droxide combine to form the chromogenic material, 
sodium orthovanadate. The glycerin and sodium bro-

35 mide are added to prevent loss of the aqueous phase. To 
150 parts of 2-ethylhexyl acrylate (radiation curable 
compound) was added 1.5 parts of a mixture of glycerol 
stearate and polyoxyethylene stearate (an emulsifying 
agent sold under the trade name Arlacel 165 by I.C.I. 

40 United States, Inc., Wilmington, Del.) and stirred at 
room temperature. A cloudy mixture (Liquid B) was 
obtained. The Brookfield viscosity of Liquid B at 25° C 
was 12 centipoise. 

A solution of 22.5 parts of Mondur CB-60 (a 61% 
45 solution in a mixture of xylene and 2-ethoxyethyl ace-

tate of a toluene diisocyanate-based adduct made and 
sold by Mobay Chemical Co., Pittsburgh Pa.) and 2.4 
parts of dipropylene glycol (polyol) were dissolved in 
75 parts of 2-ethylhexyl acrylate at room temperature to 

50 give a clear solution (Liquid C). 
Liquid B was placed in a Waring Blender. Liquid A 

was slowly added to Liquid B in the Waring blender 
while running at high speed. The emulsification was 
continued for 2 minutes. Liquid C was then added 

55 slowly at high speed and mixed for 3 more minutes. The 
resultant emulsion was then transferred to a 3-neck glass 
reactor which was equipped with a condenser and a 
mechanical stirrer. The emulsion was stirred overnight 
(about 16 hours) at 40° C to yield a dispersion of micro-

60 capsules. 
To 60 parts of this microcapsular dispersion was 

added 8 parts of Ucar Actomer X-80 (a polyfunctional 
acrylate oligomer made and sold by Union Carbide 
Corporation, New York, N.Y.), 10 parts of Keestar 339 

65 (an antismudge agent made and sold by A. E. Staley 
Mfg. Co., Decatur, Illinois), and 2.4 parts of Vicure 30 
and the mixture (coating composition) was applied on a 
sheet of polyvinyl alcohol basecoated paper with a #19 



n 
Mayer bar. The sheet was exposed to ultraviolet light, 
light which was generated by the ultraviolet QC 1202 
AN Processor (manufactured and sold by Radiation 
Polymer Co., a division of PPG Industries, Pittsburgh, 
Pa.). 5 

Another coating composition was made as mentioned 
above except that the Vicure 30 was omitted. This coat-
ing composition was then coated with a #22 Mayer bar 
to a polyvinyl alcohol basecoated paper and cured by a 
linear cathode electron beam processor at Radiation 10 
Polymer Co. which was operated at 5 megarads, 230 
KV, and a speed of 50 ft. per minute using a nitrogen 
blanket. 

The ultraviolet light cured and electron beam cured 
transfer sheets each performed satisfactorily as transfer 15 
sheets of a carbonless paper system using a 2-ethylhexyl 
gal late coated record sheet. 

EXAMPLE 2 
In 30 parts of distilled water, 2.1 parts of vanadium 20 

pentoxide, 3.9 parts of sodium hydroxide, 60 parts of 
glycerin and 40 parts of sodium bromide were dissolved 
(Liquid A). To 175 parts of 2-ethylhexyl acrylate was 
added 2 parts of Arlacel 165, 2.4 parts of dipropylene 
glycol (polyol) and 22.5 parts of Mondur CB-60 (poly- 25 
isocyanate) and stirred at room temperature. A cloudy 
mixture (Liquid B) was obtained. 

Liquid A was then emulsified into Liquid B for 4 
minutes in a Waring blender at high speed. The emul-
sion was then transferred into a glass reactor to cure 30 
overnight (about 16 hours) at 40°-44° C. 

To 60 parts of this microcapsular dispersion was 
added 8 parts of Ucar Actomer X-80, 10 parts of Kee-
star 339 and 2.4 parts of Vicure 30 and the mixture was 
applied on a sheet of polyvinyl alcohol basecoated 35 
paper with a #19 Mayer bar. The sheet was exposed to 
the ultraviolet QC 1202 AN Processor. 

Another coating composition was made as mentioned 
above except no Vicure 30 in the mixture. This coating 
composition was then coated with a #22 Mayer bar to 40 
a polyvinyl alcohol basecoated paper and cured by a 
linear cathode electron beam processor at Radiation 
Polymer Co., which was operated at 5 megarads, 230 
KV and a speed of 50 ft. per minute using a nitrogen 
blanket. 45 

The ultraviolet light cured and electron beam cured 
transfer sheets each performed satisfactorily as a part of 
a carbonless paper system using a 2-ethylhexyl gallate 
coated record sheet. 

What is claimed is: 50 
1. A process for producing a liquid substantially sol-

vent-free coating composition for use in the manufac-
ture of pressure-sensitive carbonless transfer papers, 
said liquid coating composition being characterized by 
being radiation curable by polymerization to a dry, 55 
solid, tack-free resin substantially without the removal 
of solvents and other liquids and being further charac-
terized by containing microcapsules having a hydro-
philic core material, comprising the steps of: 

(a) preparing a liquid hydrophilic emulsion compo- 60 
nent by dispersing at least one chromogenic mate-
rial in a hydrophilic liquid, said chromogenic mate-
rial being soluble in said hydrophilic liquid; 

(b) preparing a liquid hydrophobic emulsion compo-
nent by dispersing an emulsifier in a radiation cur- 65 
able hydrophobic liquid; 

(c) adding to said liquid hydrophobic emulsion com-
ponent, with mixing, a first wall-forming material 
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and second wall-forming material, said first and 
second wall-forming materials being soluble in said 
liquid hydrophobic emulsion component, said first 
wall-forming material being reactive with said sec-
ond wall-forming material to form a polymeric 
capsule wall, said polymeric capsule wall being 
substantially insoluble in said liquid hydrophilic 
and said liquid hydrophobic emulsion components; 

(d) mixing said liquid hydrophobic emulsion compo-
nent with said liquid hydrophilic emulsion component 
to form an emulsion containing droplets of said liquid 
hydrophilic emulsion component dispersed in said liq-
uid hydrophobic emulsion component; and 

(e) maintaining said mixing for a period of time suffi-
cient to allow said first and second wall-forming materi-
als to react to form a dispersion of microcapsules in said 
liquid hydrophobic emulsion component, said micro-
capsules having capsule walls substantially imperme-
able to said liquid hydrophobic and said liquid hydro-
philic emulsion components. 

2. The process of claim 1 wherein said first and sec-
ond wall-forming materials are added to said liquid 
hydrophobic emulsion component after said mixing of 
said liquid hydrophobic emulsion component with said 
liquid hydrophilic emulsion component. 

3. The process of claim 1 wherein said radiation cur-
able hydrophobic liquid comprises at least one ethyleni-
cally unsaturated organic compound having at least one 
terminal ethylenic group per molecule. 

4. The process of claim 1 wherein said first wall-form-
ing material is a member of the group consisting of 
polyols, polythiols, polyamines, acid anhydrides, poly-
carboxylic acids, and epoxy compounds and said second 
wall-forming material is a polyisocyanate. 

5. The process of claim 4 wherein said first wall-form-
ing material is a polyol. 

6. The process of claim 1 wherein said chromogenic 
material is a color former selected from the group con-
sisting of ammonium ferric sulfate, ferric oleate, sodium 
orthovanadate, ammonium metavanadate, ferric sulfate, 
cupric sulfate, cupric oleate and mixtures thereof. 

7. The process of claim 1 wherein a catalyst capable 
of promoting the reaction of said first wall-forming 
material with said second wall-forming material is 
added to said emulsion prior to the reaction of said first 
wall-forming material with said second wall-forming 
material. 

8. A process for producing a liquid substantially sol-
vent-free coating composition for use in the manufac-
ture of pressure-sensitive carbonless transfer papers, 
said liquid coating composition being characterized by 
being radiation curable by polymerization to a dry, 
solid, tack-free resin substantially without the removal 
of solvents and other liquids and being further charac-
terized by containing microcapsules having a hydro-
philic core material, comprising the steps of: 

(a) preparing a liquid hydrophilic emulsion compo-
nent by dispersing at least one chromogenic mate-
rial in a hydrophilic liquid, said chromogenic mate-
rial being soluble in said hydrophilic liquid; 

(b) preparing a liquid hyrophobic emulsion compo-
nent by dispersing an emulsifier in a first portion of 
a radiation curable hydrophobic liquid, said liquid 
hydrophobic emulsion component having a viscos-
ity from about 1 centipoise to about 500 centipoise, 
said radiation curable hydrophobic liquid compris-
ing at least one ethylenically unsaturated organic 



compound having at least one terminal ethylenic 
group per molecule; 

(c) adding to said liquid hydrophobic emulsion com-
ponent, with mixing, at least one polyol and at least 
one polyisocyanate, said polyol and said polyisocy- 5 
anate being soluble in said liquid hydrophobic 
emulsion component, said polyol being reactive 
with said polyisocyanate to form a polymeric cap-
sule wall, said polymeric capsule wall being sub-
stantially insoluble in said liquid hydrophilic and 10 
said liquid hydrophobic emulsion components; 

(d) mixing said liquid hydrophobic emulsion compo-
nent with said liquid hydrophilic emulsion compo-
nent to form an emulsion containing droplets of 
said liquid hydrophilic emulsion component dis- 15 
persed in said liquid hydrophobic emulsion compo-
nent; 

(e) maintaining said mixing for a period of time suffi-
cient to allow said polyol and said polyisocyanate 
to react to form a dispersion of microcapsules in 20 
said liquid hydrophobic emulsion component, said 
microcapsules having capsule walls substantially 
impermeable to said liquid hydrophobic and said 
liquid hydrophilic emulsion components; and 

(f) adding to said dispersion of said microcapsules in 25 
said liquid hydrophobic emulsion component a 
second portion of a radiation curable hydrophobic 
liquid, said second portion including at least one 
ethylenically unsaturated organic compound hav-
ing more than one terminal ethylenic group per 30 
molecule. 

9. The process of claim 8 wherein a photoinitiator is 
added to said dispersion of microcapsules. 

10. A process for producing a liquid substantially 
solvent-free coating composition for use in the manu- 35 
facture of pressure-sensitive carbonless transfer papers, 
said liquid coating composition being characterized by 
being radiation curable by polymerization to a dry solid, 
tack-free resin substantially without the removal of 
solvents and other liquids and being further character- 40 
ized by containing microcapsules having a hydrophilic 
core material, comprising the steps of: 

(a) preparing a liquid hydrophilic emulsion compo-
nent by dispersing at least one chromogenic mate-
rial in a hydrophilic liquid, said chromogenic mate- 45 
rial being soluble in said hydrophilic liquid; 

(b) preparing a liquid hydrophobic emulsion compo-
nent by dispersing an emulsifier in a first portion of 
a radiation curable hydrophobic liquid, said liquid 
hydrophobic emulsion component having a viscos- 50 
ity from about 1 centipoise to about 500 centipoise, 
said radiation curable hydrophobic liquid compris-
ing at least one ethylenically unsaturated organic 
compound having at least one terminal ethylenic 
group per molecule; 55 

(c) mixing said liquid hydrophobic emulsion compo-
nent with said liquid hydrophilic emulsion compo-
nent to form an emulsion containing droplets of 
said liquid hydrophilic emulsion component dis-
persed in said liquid hydrophobic emulsion compo- 60 
nent; 

(d) adding at least one polyol and at least one polyiso-
cyanate to said liquid hydrophobic emulsion com-
ponent with further mixing, said polyol and said 
polyisocyanate being soluble in said liquid hydro- 65 
phobic emulsion component, said polyol being 
reactive with said polyisocyanate to form a poly-
meric capsule wall, said polymeric capsule wall 
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being substantially insoluble in said liquid hydro-
philic and said liquid hydrophobic emulsion com-
ponents; 

(e) maintaining said mixing for a period of time suffi-
cient to allow said polyol and said polyisocyanate 
to react to form a dispersion of microcapsules in 
said liquid hydrophobic emulsion component, said 
microcapsules having capsule walls being substan-
tially impermeable to said liquid hydrophobic and 
said liquid hydrophilic emulsion components; and 

(0 adding to said dispersion of said microcapsules in 
said liquid hydrophobic emulsion component a 
second portion of a radiation curable hydrophobic 
liquid, said second portion including at least one 
ethylenically unsaturated organic compound hav-
ing more than one terminal ethylenic group per 
molecule. 

11. The process of claim 10 wherein a photoinitiator 
is added to said dispersion of microcapsules. 

12. A process for producing a pressure-sensitive car-
bonless transfer paper comprising the steps of: 

(a) preparing a liquid hydrophilic emulsion compo-
nent by dispersing at least one chromogenic mate-
rial in a hydrophilic liquid, said chromogenic mate-
rial being soluble in said hydrophilic liquid; 

(b) preparing a liquid hydrophobic emulsion compo-
nent by dispersing an emulsifier in a radiation cur-
able hydrophobic liquid; 

(c) adding to said liquid hydrophobic emulsion com-
ponent, with mixing, a first wall-forming material 
and second wall-forming material, said first and 
second wall-forming materials being soluble in said 
liquid hydrophobic emulsion component, said first 
wall-forming material being reactive with said sec-
ond wall-forming material to form a polymeric 
capsule wall, said polymeric capsule wall being 
substantially insoluble in said liquid hydrophilic 
and said liquid hydrophobic emulsion components; 

(d) mixing said liquid hydrophobic emulsion compo-
nent with said liquid hydrophilic emulsion compo-
nent to form an emulsion containing droplets of 
said liquid hydrophilic emulsion component dis-
persed in said liquid hydrophobic emulsion compo-
nent; 

(e) maintaining said mixing for a period of time suffi-
cient to allow said first and second wall-forming 
materials to react to form a dispersion of microcap-
sules in said liquid hydrophobic emulsion compo-
nent, said microcapsules having capsule walls sub-
stantially impermeable to said liquid hydrophobic 
and said liquid hydrophilic emulsion components; 

(f) applying said dispersion of said microcapsules to a 
substrate; and 

(g) curing said dispersion of said microcapsules by 
subjecting said dispersion of said microcapsules on 
said substrate to radiation for a period of time suffi-
cient to cure said dispersion of said microcapsules 
by polymerization of said radiation curable hydro-
phobic liquid, thereby producing a dry, solid, tack-
free resinous film on said substrate substantially 
without the removal of solvents or other liquids. 

13. The process of claim 12 wherein said first and 
second wall-forming materials are added to said liquid 
hydrophobic emulsion component after said mixing of 
said liquid hydrophobic emulsion component with said 
liquid hydrophilic emulsion component. 

14. The process of claim 12 wherein said radiation 
curable hydrophobic liquid comprised at least one eth-
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ylenically unsaturated organic compound having at 
least one terminal ethylenic group per molecule. 

15. The process of claim 12 wherein said first wall-
forming material is a polyol and said second wall-form-
ing material is a polyisocyanate. 5 

16. The process of claim 12 wherein said chromo-
genic material is selected from the group consisting of 
ammonium ferric sulfate, ferric oleate, sodium or-
thovanadate, ammonium metavanadate, ferric sulfate, 
cupric sulfate, cupric oleate and mixtures thereof. 10 

17. The process of claim 12 wherein a catalyst capa-
ble of promoting the reaction of said first wall-forming 
material with said second wall-forming is added to said 
emulsion prior to the reaction of said first wall-forming 
materia] with said second wall-forming material. 15 

18. A process for producing a pressure-sensitive car-
bonless transfer paper comprising the steps of: 

(a) preparing a liquid hydrophilic emulsion compo-
nent by dispersing at least one chromogenic mate-
rial in a hydrophilic liquid, said chromogenic mate- 20 
rial being soluble in said hydrophilic liquid; 

(b) preparing a liquid hydrophobic emulsion compo-
nent by dispersing an emulsifier in a radiation cur-
able hydrophobic liquid, said liquid hydrophobic 
emulsion component having a viscosity from about 25 
1 centipoise to about 500 centipoise, said radiation 
curable hydrophobic liquid comprising at least one 
ethylenically unsaturated organic compound hav-
ing at least one terminal ethylenic group per mole-
cule; 30 

(c) adding to said liquid hydrophobic emulsion com-
ponent, with mixing, at least one polyol and at least 
one polyisocyanate, said polyol and said polyisocy-
anate being soluble in said liquid hydrophobic 
emulsion component, said polyol being reactive 35 
with said polyioscyanate to form a polymeric cap-
sule wall, said polymeric capsule wall being sub-
stantially insoluble in said liquid hydrophilic and 
said liquid hydrophobic emulsion components; 

(d) mixing said liquid hydrophobic emulsion compo- 40 
nent with said liquid hydrophilic emulsion compo-
nent to form an emulsion containing droplets of 
said liquid hydrophilic emulsion component dis-
persed in said liquid hydrophobic emulsion compo-
nent; 45 

(e) maintaining said mixing for a period of time suffi-
cient to allow said polyol and said polyisocyanate 
to react to form a dispersion of microcapsules in 
said liquid hydrophobic emulsion component, said 
microcapsules having capsule walls substantially 50 
impermeable to said liquid hydrophobic and said 
liquid hydrophilic emulsion components; 

(f) applying said dispersion of said microcapsules to a 
paper substrate; and 

(g) curing said dispersion of said microcapsules by 55 
subjecting said dispersion of said microcapsules on 
said paper substrate to radiation for a period of time 
sufficient to cure said dispersion of said microcap-
sules by polymerization of said radiation curable 
hydrophobic liquid, thereby producing a dry, solid, 60 
tack-free resinous film on said paper substrate sub-
stantially without the removal of solvents or other 
liquids. 

19. The process of claim 18 wherein said radiation 
curable hydrophobic liquid comprises a mixture of eth- 65 
ylenically unsaturated organic compounds, a portion of 
said compounds having one terminal ethylenic group 
per molecule and another portion of said compounds 

having more than one terminal ethylenic group per 
molecule. 

20. The process of claim 18 wherein a photoinitiator 
is added to said dispersion of microcapsules and said 
radiation is ultraviolet light. 

21. A process for producing a pressure-sensitive car-
bonless transfer paper comprising the steps of: 

(a) preparing a liquid hydrophilic emulsion compo-
nent by dispersing at least one chromogenic mate-
rial in a hydrophilic liquid, said chromogenic mate-
rial being soluble in said hydrophilic liquid; 

(b) preparing a liquid hydrophobic emulsion compo-
nent by dispersing an emulsifier in a radiation cur-
able hydrophobic liquid, said liquid hydrophobic 
emulsion component having a viscosity from about 
1 centipoise to about 500 centipoise, said radiation 
curable hydrophobic liquid comprising at least one 
ethylenically unsaturated organic compound hav-
ing at least one terminal ethylenic group per mole-
cule; 

(c) mixing said liquid hydrophobic emulsion compo-
nent with said liquid hydrophilic emulsion compo-
nent to form an emulsion containing droplets of 
said liquid hydrophilic emulsion component dis-
persed in said liquid hydrophobic emulsion compo-
nent; 

(d) adding at least one polyol and at least one polyiso-
cyanate to said liquid hydrophobic emulsion com-
ponent with further mixing, said polyol and said 
polyisocyanate being soluble in said hydrophobic 
liquid, said polyol being reactive with said polyiso-
cyanate to form a polymeric capsule wall, said 
polymeric capsule wall being substantially insolu-
ble in said liquid hydrophilic and said liquid hydro-
phobic emulsion components; 

(e) maintaining said mixing for a period of time suffi-
cient to allow said polyol and said isocyanate to 
react to form a dispersion of microcapsules in said 
liquid hydrophobic emulsion component, said mi-
crocapsules having capsule walls substantially im-
permeable to said liquid hydrophobic and said liq-
uid hydrophilic emulsion components; 

(f) applying said dispersion of said microcapsules to a 
paper substrate; and 

(g) curing said dispersion of said microcapsules by 
subjecting said dispersion of said microcapsules on 
said paper substrate to radiation for a period of time 
sufficient to cure said dispersion of said microcap-
sules, by polymerization of said radiation curable 
hydrophobic liquid, thereby producing a dry, solid, 
tack-free resinous film on said paper substrate sub-
stantially without the removal of solvents or other 
liquids. 

22. The process of claim 21 wherein said radiation 
curable hydrophobic liquid comprises a mixture of eth-
ylenically unsaturated organic compounds, a portion of 
said compounds having one terminal ethylenic group 
per molecule and another portion of said compounds 
having more than one terminal ethylenic group per 
molecule. 

23. The process of claim 21 wherein a photoinitiator 
is added to said dispersion of microcapsules and said 
radiation is ultraviolet light. 

24. The pressure-sensitive carbonless transfer paper 
produced by the process of claim 18. 

25. The pressure-sensitive carbonless transfer paper 
produced by the process of claim 21. 


