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The present invention relates to a novel process for 
producing novel pressure-sensitive record or copying ma 
terial and to the material thereby produced. The inven 
tion further relates to novel hot-melt emulsions for pro 
ducing the novel pressure-sensitive record material of 
the invention. 
The pressure-sensitive record or copying material which 

is still predominantly used in commerce today is the 
transfer paper commonly referred to as “carbon paper.” 
Such ordinary carbon paper usually consistts of paper 
coated with a homogeneous mixture of waxes and oils 
with a coloring material uniformly and homogeneously 
dispersed in the mixture. This homogeneous coating is 
generally applied to the surface of the sheets as a hot 
melt or molten mass. The resulting pressure-sensitive 
record material provides a mark under the pressure of 
writing, typing, etc. by transfer, at the areas of pressure, 
of a complete mass of the coating composition containing 
the color therein. In order to provide a reasonable de 
gree of transfer when a copy is produced, the waxy con - 
position which is transferred is, of necessity, relatively 
soft and of low tensile strength. The coating is, there 
fore prone to sent? or offset onto adjacent objects, in 
cluding an adjacent sheet of clean paper. Furthermore, 
the mark or copy produced is prone to smudge on the 
receiving sheet and also to o?'set onto the hands and cloth 
ing of the user. 

Because of the shortcomings of ordinary carbon pa 
per, a great deal of research effort has gone into the 
search for a more suitable copying material. One of 
the attempts to solve the shortcomings of carbon paper 
has employed a colorless dye intermediate which reacts 
to form a color only when brought into contact, with suf 
?cient pressure, with a suitably prepared receptive sheet 
containing a reactant which will react with the colorless 
dye intermediate to form a colored image or marking. 
It was hoped that the use of the colorless marking mate 
rials would help in eliminating the offset which normally 
occurs with ordinary carbon paper. 
However, to produce a su?iciently rapid development 

of color on the clay surface of the receiving sheet of 
such a system, very rapid adsorption of the dye interme— 
diate into the clay surface is required. For this purpose, 
rapid migration of the dye intermediate to the clay sur 
face from the transferred mass must take place and this 
could only be achieved in part by incorporating an ex 
cessive amount of solvent for the dye intermediate into 
the wax coating mixture. Consequently, the transfer 
mark or character was even more prone to smear than 
that produced with a good quality ordinary carbon pa 
per. Since manifold systems employing sheets of trans 
fer material require that the transfer surface be placed 
in contact with the receptive reactive surface over rela 
tively long periods of time during storage, oiiset and un— 
wanted production of color on the receptive sheet fre 
quently occurred. In such a system, this dif?culty could 
not easily be overcome. Consequently, in a manifold 
system, record sheets of this type, utilizing a colorless 
dye intermediate, possessed only the advantage that the 
dye intermediate did not form color on the hands and 
clothing of the user. 

Over the years, efforts have been directed to a fur 
ther type of pressure-sensitive copying material which 
employs, on one side of a sheet, a continuous coating 
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containing discrete inclusions of a marking ?uid. This 
type of system employs as the coating, a continuous ?lm 
containing microscopic droplets of an oily marking mate 
rial and is the type of system described in British Patent 
No. 392,220, United States Patents Nos. 2,299,694 and 
2,374,862. In this type of copying sheet, the marking 
?uid may be colored, or it may be colorless but capable 
of forming a color upon chemical reaction with another 
chemical deposited on the contacting surface of the ad 
jacent sheet. Under the pressure of writing or typing, 
the coating ruptures and droplets of marking ?uid exude 
onto the copy sheet to provide a mark by direct color 
transfer or due to the color-forming chemical reaction 
which takes place between the co-reacting chemicals._ 
While this latter type of pressure-sensitive copying mate 

rial provided certain advantages, it did not overcome all of 
the disadvantages of ordinary carbon paper. Furthermore, 
it brought about new disadvantages such as time-consum 
ing, costly production operations and handling problems, 
with resulting high prices to the users which, in turn, have 
caused its commerecial use to lag. 
By means of the present invention it is possible to 

overcome all of the dii?culties of the prior systems men 
tioned hereinabove, and to provide pressure sensitive 
copying materials which are superior both in their prop 
erties and performances, and which may be efficiently and 
inexpensively produced. 

it is an object of the present invention to provide a 
superior pressure sensitive copying material which elimi 
nates the disadvantages of ordinary carbon papers as well 
as those of prior art copying materials, while retaining 
their better characteristics. ' 

It is also an object of the present invention to provide 
a clean, non-smudging pressure-sensitive copying mate 
rial Which eliminates staining and offsetting of color 
on to a contacting copy receiving sheet and which 
provides a copy which does not smear, stain or offset by 
virtue of the fact that the marking ?uid which provides 
the copy is absorbed into the receiving surface of the 
copy sheet. ' 

it is also an object of the present invention to provide 
a pressure-sensitive copying material having a continuous 
iupturable coating of a film-forming material meltable 
Within the range of 130°~350° F. and containing dis 
persed therein discrete droplets of a non-viscous marking 
?uid which is capable of being exuded from the coating 
under writing pressure, to give a mark on an adjacent 
receiving surface, and which has superior copy write 
off intensity for both multiple as well as one-time use. 

It is an additional object of the present invention to 
provide a pressure-sensitive copying material in which 
the non-viscous marking ?uid is dispersed as discrete 
droplets throughout a scu?-resistant, non-transferable 
coating which is insensitive to drying out or humidity con 
ditions and not subject to cracking with premature re 
lease of the marking ?uid. 

It is another object of the invention to provide stable 
emulsions of a non-viscous marking ?uid dispersed as 
microscopic discrete liquid particles in a continuous phase 
of non-aqueous molten ?uid composition, said dispersion 
of microscopic discrete liquid particles of marking ?uid 
not being subject to coalescence on storage of the com 
position or during repeated solidi?cation and remelting 
cycles. 
Another object of the invention is to provide a molten 

coating composition readily applied to a web such as 
paper by conventional coating and printing equipment 
and methods, and which does not require the removal 
and/or recovery of volatile solvents or water. 
The above enumerated objects, as well as other ob~ 

jects, together with the advantages of the invention, will 
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be readily comprehended by persons skilled in the art 
upon reference to this description; 
The pressure-sensitive record material of the present 

invention consists of a Web support, such as paper, having 
coated ‘on at least a portion of a surface thereof, a con‘ 
tinuous film of a rupturable material meltable within the 
range of 130°—350° F. and containing dispersed therein, 
In roscopic discrete droplets of a non-viscous marking 
fluid, such that, under pressure of pencil or machine writ 
ing‘, the ?lm is ruptured and the marking ?uid exuded to 
mark ah adjacent receiving sheet. This pressure-sensitive 
coating is characterized by being applied to the paper as 
a stable dispersion of marking ?uid droplets in the molten 
100% solids continuous phase and chilled thereon. 
H Throughout the present application the term “emulsion” 
refers to a dispersion of marking ?uid in the molten 
material of the continuous phase, regardless of whether 
or, ‘not the marking ?uid ‘has been encapsulated in a 
protective shell previous to dispersion in the continuous 
phase. _ . v . , 

Themarkin'g fluid may be colored or colorless. It‘ 
color1es‘s,_it will form a color upon color reaction with 
a cd-reac'tant on an adjacent contacting sheet. I 
The ?uid of the marking ?uid must be substantially 

insoluble in the ?lm-forming material or the continuous 
Phase. . , , . . . 

_ Under pressure of Writingand typing, the ?lm of the 
coating i‘sr'uptured and the marking ?uid, by virtue of its 
iron-viscous nature, vis‘ exuded to give a mark on a re 
eeiving sheet. In the case of the marking ?uid being 
colored, the receiving, sheet may be just an ordinary 
‘sheet of papervinto which "the color ?uid is absorbed. 
Inthe case 'of the marking ?uid containing a color-form 
ing dye intermediate, the receiving surface contains, im 
pregna'ted or coated thereon, the co-reactant necessary 
toproduce color by reaction with the exuded marking 
?uid. ' 

Under the writing pressure, the marking ?uid only is 
transferred to the receiving sheet, the ?lm of the coating 
being of a nature such that no transfer of the ?lm to 
the receiving sheet takes place. The mark on the receiv 
ing ‘sheet is produced by absorption of the marking ?uid 
into the surface of the receiving sheet and thus pre 
sents ‘no surface deposit which might be susceptible to 
smudgin'g as in the common transferable Wax type of 
carbon paper and the transferable wax sheets of the 
prior art. In the coated sheet of the present invention, 
thermarkin‘g?uid droplets are occluded within the ?lm 
at the coating and the actual fluid is protected from con 
fact "with hands and clothing and‘ does not come into 
contact with thereceiving sheet until such time as the 
?lm is ‘ruptured during the process of producing a copy. 
Thesurfaceof the coated sheet‘ is, therefore, clean and 
non-'smud'ging. This cannot be said ‘of the coatings 
utilizing nomogen’ous wax compositions, as the surface 
material in these coatings constitutes part of the transfer 
able marking medium‘and is very susceptible to smudging, 
staining and o?setting on contact with hands and the 
receiving sheet. v e 

In previous copying materials coated from solvent solu 
‘ tio'ns, there has beenlittle control of droplet diameter, 
‘andjinadequate occlusion ‘of surface droplets by these 
methods has resulted in the occurrence of very marked 
bleeding or marking ?uid from the surface of such coat 
ing. Because of the preformed emulsion system utilized 
in the present invention, droplet size is uniform, and 
occlusion of surface droplets is much more complete, 
and insures cleanliness and negligible bleeding character 
istics. . 

“Emulsion systems which are necessary to give clean, 
nonrbleeding characteristics in coatings, have heretofore 
been’ ‘con?ned to hydrophilic colloid materials because 
at their ‘natural tendencies ‘to stabilize aqueous emulsions. 
pnfortuna't'el'y, coatings prepared from these materials 
tend 't'o'c'rack and givev unsatisfactory results because of 

10 

15 

20 

25 

30 

40 

50 

55 

60 

70 

75 

4 
the premature release of the marking ?uid through the 
cracks which form. 
The advantages of using ?lm-forming materials other 

than humidity-susceptible, water-soluble, hydrophilic col 
loids in emulsion coatings are obvious, but the use of 
non-aqueous ?lm formers has'previously been excluded 
because of the di?iculty of preparing suitable non 
aqueous emulsions. The present invention provides stable 
non-aqueous emulsions having excellent coating prop 
erties. 
The greater proportion of copying and-record materials 

are presently manufactured by processes involving hot 
melt methods, and aqueous coatings are not readily adapt_ 
able to this equipment. Since the equipment required to 
process aqueous coatings is not generally utilized by 
manufacturers of, for example, manifolding business 
forms, the coated stock has generally to be brought in 
from an outside source. This involves the disadvantages 
of, extra shipping and handling and burdensome inven 
tories. The excessive handling particularly undesirable 
in pressure-sensitive systems wherein a colorless color 
for'rning dye intermediate is coated on one side of a paper 
and the receptive coating necessary to produce color is 
applied to the opposite side of the paper. It has‘ been 
found that such sensitive paper‘is di?icult to supply in 
tight rolls and that the rolls require special handling to 
overchome premature offset. In addition, even with spe 
cial precautions, waste of precoated materials during fabri 
cation of such products as business forms, is excessive. 

In order to minimize offsetting of the copying material, 
it is advantageous to the manufacturer of manifolding 
business forms to be able to apply the pressure-sensitive 
coating at the press at a location after the printing, punch 
ing, perforating, and slitting operations have taken place. 
Water based coatings utilized in this manner are not 

‘feasible with the equipment presently used in the carbon 
coating ‘and printing industry and to be of utility, it would 
be necessary either to install additional costly equipment 
or to obtain precoatedematerials from an outside source. 
In the latter case, the versatility and ?exibility of manu 
facturing operations ‘are ‘considerably reduced ‘but, in 
either case, costs are considerably higher. 
One of the advantages of the copying material of the 

present invention is its direct utility on existing production 
equipment without additional limitations in manufactur 
ing ?exbility. 
‘ One‘ of the important contributing factors which made 
possible the advantages of the product of the invention is 
the nature of the continuous phase of the coating. The 
emulsions ‘from which these coatings are produced will ‘be 
described in greater detail hereinbelow. 
The continuous phase ofethe coating and the emulsion 

comprises a hydrophobic ?lm-forming material, which is 
in the solid state at ordinary temperatures at which the 
copying material is to be used and mel'table without de 
composition at elevated temperatures up to about 350° 
F., and preferably between about 130 and 320° F. This 
is one of ‘the essential characteristics of the ?lm-forming 
material. It is this characteristic which permits the appli 
cation of the coating to paper employing a hot-melt 
technique. 

‘The hydrophobic ?lm-forming material of the continu 
ous phase may consist of one or more components se 
lected from a wide variety of materials, satisfying the 
conditions of thermoplasticity mentioned above. Gen 
erally, materials which give low viscosity and low coating 
temperatures are most desirable from the point of view 
or ‘application case. However, the use of'high melting, 
high viscosity polymers is not excluded from the scope of 
the invention since coatings ‘having such materials as the 
main or sole constituent of the'continuous phase can read 
ily be coated on paper by extrusion methods, similar to 
the extrusion of sheet plastics. ’ 
Among the hydrophobic materials which can be used 

to produce the continuous phase, either singly or in com1 
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bination, are the thermoplastic acrylic resins, such as 
polymethyl methacrylate and its copolymers; cellulose 
derivatives, such as ethyl-cellulose and cellulose acetate 
butyrate; coumarone-indene resins; petroleum hydrocar 
bon resins such as the “Piccopale” resins (thermoplastic 
hydrocarbon resins derived from high temperature crack 
ing of petroleum consisting of a mixture of straight chain 
hydrocarbon resins in which considerable cyclic, but 
no aromatic structures, are present); isobutylene resins, 
such as poly-isobutylene; phenolic resins, such as Durez 
219 (a terpene, phenolic, oil soluble thermoplastic resin 
having a melting point of about 270° F. and an acid num 
ber of about 65); polyamide resins, such as alkoxy sub— 
stituted nylon; chemically modi?ed rubbers, such as 
cyclized rubber; styrene resins, such as polystyrene; ter 
pene resins, such as “Piccolyte” resins (a terpene polymer 
having a molecular weight of approximately 1200, a soft~ 
ening point of about 115° C., and a density of 15.5° C. 
or’ 0.980); vinyl resins, such as polyvinylacetate, and 
vinyl stearate and copolyrners; natural and synthetic 
waxes such as the vegetable waxes, candelilla (a hard 
vegetable wax composed of a high proportion of hydro 
carbons and resins with a small amount of lactones, a 
melting point of 145L162” R, an acid number of 11-49, 
a saponi?cation number of 46—56 and a speci?c gravity of 
0.982 to 0.993 at 15° C.), carnauba, and sugar cane 
waxes, hydrocarbon waxes such as para?in, ozokerite, and 
microcrystalline waxes, mineral waxes such as montan 
and Utah wax (an amorphous mineral wax from Utah 
having a melting point of 73° C., a cloud point of 76° C. 
and an acid number of 0), synthetic waxes such as poly 
ethylene and FT-ZOO wax (a synthetic mineral wax hav~ 
ing a melting point of 2l2—219° F., a saponiiication value 
of less than 0.5 and an acid value of 0) prepared by the 
Fischer-Tropsch process, and also chemically modi?ed 
natural waxes such as chlorinated para?lns and oxidized 
microcrystalline waxes. The above materials are hydro 
phobic in nature, but hydrophilic materials may also be 
used. For example, polyethylene glycols which are solids 
at temperatures of normal usage, but meltable at tem 
peratures between about 130° F. and 350° B, may be 
used. Thus, polyethylene glycol, molecular wt. 6000 
7500, melting point 140—145° F., is suitable. 
By dissolving those materials of high melting point and 

viscosity in the lower melting point materials such as the 
waxes, compositions have been obtained of excellent coat 
ing viscosity for carbon paper coating equipment yet 
possessing some of the properties of the higher melting 
constituent. 
Although the addition of surface-active agent or pro 

tective colloid to the continuous phase composition gen 
erally enhances the stability of the emulsion or dispersion, 
excellent results have been obtained in accordance with 
the present invention, employing a wax such as candelilla 
as the sole component of the continuous phase with no 
emulsifying agent. As will be apparent to those skilled 
in the art, other waxes possessing a melting point above 
about 130° F. and less than about 350° F. may be em 
ployed. 

‘One valuable addition to the continuous phase is a 
cyclized rubber resin. This resin imparts toughness to 
the coating ?lm on the paper while also providing the 
important function of being an e?icient emulsion stabil 
izer. As little as 3% of this resin in a coating having 
paraf?n wax as the sole component of the continuous 
phase, produces an emulsion of excellent stability other 
wise unobtainable. Examples of this resin are Alpex 
resin and Pliolite resin. The latter resin may be pro 
duced by reacting rubber in solution with an amphoteric 
halide or chlorostannic acid and isolating the resulting 
cyclized resin. This resin is substantially a condensation 
derivative of rubber and its preparation is described in 
U.S. Patent No. 2,052,391. 
One preferred continuous phase of the emulsion of the 

invention comprises one or more thermoplastic polymeric 

10 

15 

20 

25 

30 

35 

50 

65 

70 

75 

6 
resins having a melting point of between about 130 and 
350° F., constituting between about 25 and 80% by 
weight of the ?lm-forming material, between about 10 
and 75% by weight of one or more hydrophobic waxes 
and between about 1 and 10% and preferably between 
about 2 and 5% by weight of a cyclized rubber resin. 
The proportions of marking ?uid containing the pig— 

ment, dye, or dye intermediate, relative to the amount of 
?lm-forming component may vary over a wide range, 
depending upon the materials used. Best results have 
been obtained employing the marking fluid in an amount 
of between about 20 and 60%, preferably between about 
35 and 50%, by weight of the total emulsion or coating 
composition. 
The microscopic discrete liquid particles of the non 

viscous marking iluid in the coating are desirably solu 
tions or suspensions of a dye, pigment, or colorless color 
forming dye intermediate in a liquid which is inert to and 
substantially insoluble in the molten continuous phase. 
The marking fluid may comprise any non-viscous 

liquid, whether organic or inorganic, of such polarity as 
to render it substantially insoluble in the hydrophobic 
?lm-forming composition, which will provide a suspend 
ing or dissolving medium for the pigment, or colored 
dye or colorless color-forming dye intermediates. The 
non-viscous liquid should not be too viscous since it is 
important that it be able ot accommodate the pigment 
or dye without becoming so viscous as to lose its free 
?owing characteristics. Desirably, the fluid medium 
(solvent or suspending liquid) shall have a low volatility, 
i.e., wherein less than about 10% of the liquid evaporates 
through the continuous film over a period of several years 
of normal storage. Liquids having vapor pressure of less 
than 0.01 mm. of mercury at 75° F. are particularly 
satisfactory in this respect. Additionally, the ?uid shall 
desirably have a low freezing point, i.e., a freezing point 
of less than 0° F., preferably as low as —30° F. Also, 
the fluid shall desirably have a high boiling point which 
will provide reduced volatility at temperatures of use. 
Fluids having boiling points in excess of 212° F. are 
usually suitable in this respect. An additional important 
property of the fluid is that it have a ?ash point above 
the manufacturing temperatures. Fluids having a ?ash 
point‘above 212° F. are generally satisfactory. As those 
skilled in the art will appreciate, the product will be more 
useful, permanent and safe With liquids having higher 
boiling points and ?ash points and lower volatility and 
freezing points. Of course, as mentioned hereinabove, the 
?uid must not dissolve, or by encapsulation is prevented 
from dissolving, the ?lm-former. Among the satisfactory 
?uids which may be employed are those listed below in 
Table l: 

TABLE 1 

Freez- Boiling A proxi 
V.P., ing Point, Flash mgte Vis 

Compound rum. Point, Degrees Point, cosity, 
Hg at Degrees C. at 760 Degrees Centi 
20° 0. 0. mm. Hg F. poises at 

70° F. 

polyethylene glycol (mol 
_wt. 400) ______ __ 435 100 

diethylene glyco 290 36 
dipropylone glycol 280 82 
thiodrethylene glycoL. 320 49 
ethoxytriglycol ________ __ 275 14 
methyl phthalylethyl 

glycollate ____________ __ 374 120 

propylene carbonate_.--_ 270 3 
polyalkylene glycol 
(Ucon ?uid LB-1145)__ 0. 01 —29 ________ -_ 430 500 polyepichlorohydrin 
mol. wt. 450) _______________ -_ -6 ________ __ 450 1,070 

It is important that the marking ?uid be of a non 
viscous nature to permit it to exude readily from the 
coating of the copying material when subjected to writ 
ing pressures. Viscous or pasty ?uid droplets, and para 
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ticularly if the ?uid comprises a small part of the coat 
ing, will not exude from the coating when subjected to 
writing pressure. Under such circumstances, instead of 
exuding, the marking ?uid is transferred to the copy 
sheet together as a unit of the entire coating thereby 
causing copy smudging as is typical with ordinary car 
bon papers. To permit the marking ?uid to exude from 
the coating without any transfer of coating ?lm itself, 
it is desirable that the marking ?uid have a viscosity of 
less than about 50,000 centipoises at 70° F., preferably 
between about 30 and 30,000 centipoises at 70° F., and 
for best results between about 50 and 5,000 centipoises 
at 70° F. 
Another important feature which provides excellent 

exudation'of the marking ?uid is to employ a coating 
emulsion containing substantial amounts of the marking 
?uid. It is generally advantageous to employ a coating 
emulsion containing at least about 20% up to about 
60%, and preferably about 35 to 50%, by weight of 
marking ?uid, based upon the total weight of coating 
emulsion. 
The marking ?uid may contain various amounts of sol 

vent or suspending liquid depending upon the nature of 
and'amount of pigment or dye, the nature of the solvent 
or suspending liquid, and somewhat upon the nature of 
the ?lm-forming or continuous phase of the coating 
emulsion. 
The marking ?uid may contain a colored pigment or 

dye or it may contain a colorless color-forming dye 
intermediate which will react to produce a color when 
brought into contact with a co-reactant. The line of 
demarcation between pigments and dyes is often di?i 
cult to delineate. 'As used herein, a pigment is considered 
to be a colored or colorless color-forming substance which 
is insoluble in the ?uid of the marking ?uid. 
A dye is vherein considered to be a colored or color 

less color-forming ‘substance which is soluble in the 
?uid of the marking ?uid. 

Colored substances which may be employed include 
materials normally classi?ed as pigments such as car 
bon blacks, iron blues, alkali blues, phthalocyanines, 
cadmium reds, uitrarnarine blues, phospho- and molybdo 
tungstic acid laked colors; and materials normally classi 
?ed as dyes such as di and tri-aryl methane dyes, e.g., 
malachite green and crystal violet, azo dyes, indigoid, 
thioindigoid and anthraquinone dyes, acridine, azine, 
oxazine, and thiazine dyes. 
Among the usable color-forming dye intermediates 

are: stabilized diazonium salts, the carbinol, leuco and 
ether derivatives of the triaryl and diarylmethane dyes, 
and ‘acid esters of leuco indigoid and thioindigoid dyes. 
Examples of suitable intermediates of di- and triaryl 
methane dyes which may be employed are the butyl 
ethers of methyl violet 2B, methyl violet 10B, magenta, 
malachite green A, auramine derivatives such as N-acetyl 
auramine and leucoauramines. 
One type of colorless color-forming dye system which 

may be advantageously employed in the copying prod 
ucts't'of the invention is that described in British Patent 
No. "757,136. In‘ accordance with that patent a color 
less color-forming dye intermediate, such as an ether 
of a triphenylmethane dye-former is maintained in an 
alkaline condition by neutralizing the dye former with 
an alkaline substance, in which form the dye-former is 
colorless, and then producing a color by bringing the 
alkaline colorless'dyestuff into contact with an excess 
of an acid which converts the dye-former into a colored 
product. In accordance with one ‘embodiment of the 
present invention the marking ?uid may contain the color 
less‘ color-forming dye intermediate along with a small 
amount of a'n‘alkaline substance, such as sodium carbon— 
ate, potassium hydroxide, organic alkali, etc. 

> ‘In ‘a manifolding set-of record forms, the emulsion con 
taining the marking '?uid' is coated on the back surface 
of *the'ssheets so that the coating can come in contact with 
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the front surface of the sheets which follow the ?rst sheet 
in the set. On the front surface of the sheets is placed 
a co-reactant for the dye intermediate. in order to pro 
du ce a color. 
Among the co-reactants which may be used in the 

coating composition for the front surface of the sheets 
are acids such as: tannic, gallic, citric, boric, tartaric, 
oxalic, and phospho-tungstic acids. Also one may em 
ploy other co-reactants such as: colloidal silicas, calcium 
silicate, attapulgite clay, and the like. 
As will be apparent to those skilled in the art, from 

the teachings of this disclosure it is possible to incorpo 
rate the co-reactant into the marking ?uid of the emul 
sion on the back surface of the sheets and to place the 
colorless color-forming dye intermediate on the front 
surface of the sheets. In either instance when pressure 
is exerted through two or more sheets in the manifolding 
set, rupture of the continuous ?lm will produce intermix 
ing of the reactive chemicals to produce a color or copy 
at the sites where pressure is applied. 

Coatings weighing 1 to 12 lbs. per 500 sheets of 20 
inch x 30 inch paper in which 20 to 60 percent of the 
weight of the coating consists of marking ?uid have been 
found to be satisfactory. For one time use coatings, a 
desirable weight range is from 1 to 6 lbs., preferably 2 
to 4 lbs., and for multiple use coatings, a desirable weight 
range is from 6 to 12 lbs., preferably 8 to 10 lbs. In 
addition to single-face coatings, double face coatings are 
desirable for certain uses. 
The discrete microscopic particles of marking ?uid 

contained in the coating and emulsion are desirably of 
from between about 0.1 and 70 microns in diameter. 
More desirably, the diameter of the liquid particles is 
from about 0.5 to 20 microns. For preferred results, it 
has been found that a droplet diameter of between about 
1 and 5 microns is most satisfactory. When the par 
ticle size exceeds 20 microns in diameter, a coating con 
taining the droplets on a paper surface may become slight 
ly dirty to the touch because the diameter of the drop 
lets is about the same as the thickness of the coating 
which is therefore easily broken. Below a diameter of 
‘one micron, the coating is less sensitive to rupture when 
subjected to the pressure employed to produce copying. 
Since it is desired to employ the coating of the invention 
in pressure-sensitive copying systems which do not re 
quire the use of excessive pressure, it is desirable to pro 
vide droplets having a diameter of from about 1 to 5 
microns. 
As will be appreciated by those skilled in the art, the 

sensitivity to rupture under pressure is dependent upon 
the size of the droplet as well as the nature of the ?lm, 
with the large size droplets having greater tendency to 
rupture when subjected topressure than the smaller size 
droplets. The discontinuous phase of the emulsion shall 
constitute the marking ?uid which comprises the pigment, 
colored dye or colorless color-forming dye intermediate 
suspended or dissolved in a non-volatile liquid. Emul 
sions are produced by placing the two mutually insoluble 
liquids in a blender or emulsi?er and by agitation produc 
ing a stable emulsion with droplets of marking ?uid of 
the desired particle size, desirably less than about 10 
microns, and preferably 1 to 5 microns in diameter. The 
resulting emulsion can then be applied to paper by the 
standard coating or printing methods; such as, letter press, 
direct or offset gravure, direct or reverse roll, knife, ?exo~ 
graphic, etc. 
Among the important advantages of the emulsion coat 

ings of the invention is the extreme ?exibility and ver 
satility in the manner in which they may be applied to 
web material, ‘such as paper. These emulsion coatings 
are particularly satisfactory since they provide an ex 
cellent means of hot-melt spot application whereby pre 
scribed areas on the backs or fronts of the sheets of paper 
may be coated. 

In order more clearly to disclose the nature of the 
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present invention, speci?c examples illustrating the prac 
tice of the invention will hereinafter be described. It 
should be understood, however, that this is done ‘solely 
by way of example and is intended neither to delineate 
the scope of the invention nor limit the ambit of the 
appended claims. The amounts of components are given 
in terms of parts by weight, unless otherwise speci?ed. 

Example 1 
This example describes the preparation of a preferred 

copying sheet according to the invention coated with a 
?lm comprising a continuous phase of a blend of cyclized 
rubber resin, polyterpene resin and a para?in wax mix 
ture, which ?lm has disposed therein microscopic discrete 
liquid particles of a marking fluid containing a colored 
dye. ' 

A molten mixture having a temperature of 240° F. 
was prepared by mixing together and heating 180 parts 
of Schenectady resin ST-S 115 (a polyterpene resin made 
from pinenes having a melting point of about 239° F.), 
70 parts of “FT-200” para?in wax (a synthetic high mo 
lecular weight aliphatic hydrocarbon wax having a melt 
ing point of 210-2140 F. and having a molecular weight 
of about 750 corresponding to a long hydrocarbon chain 
containing about 50-55 carbon atoms per molecule, pro 
duced by the Fischer-Tropsch process), 50 parts of micro 
crystalline paraf?n wax (“Warco 180,” a hard, brittle, 
white microcrystalline petroleum wax having a melting 
point of 180—185° R, an acid number of 0, a saponi?ca 
tion number of 0), 65 parts of paraf?n wax having a 
melting point of 135° F., and 20 parts of cyclized rubber 
resin (Alpex resin). The resulting mixture, having its 
temperature maintained at 240° F., was passed through 
a homogenizing mill and was then mixed with a solution 
of 28 parts of crystal violet dye dissolved in 257 parts 
of polyethylene glycol having a molecular weight of 400. 
The solution of the dye in polyethylene glycol had a 
viscosity of 156 centipoises at 70° F. when measured on 
the Brook?eld viscometer using the No. 2 spindle at a 
speed of 60 rpm. Homogenization by passing the hot 
mixture through the homogenizing mill was then con 
tinued for 3 minutes thereby providing an excellent stable 
emulsion of liquid dye-containing particles of 1-10 mi 
crons diameter uniformly dispersed in the wax and resin 
base. The resulting emulsion was stable over a period 
of 72 hours while maintained in the molten condition at 
240° F. Upon solidi?cation and remelting at 240° F., 
with stirring, no separation of the emulsion could be 
observed. 
The molten emulsion (at a temperature of 240° F.) 

was coated on paper, the excess being removed by means 
of a doctor bar to provide a coating weight of 3 pounds 
per 500 sheet ream of paper of 20 inches by 30 inches 
size. The discrete ?uid particles of marking liquid were 
retained in the coating upon cooling. The resulting 
coated sheets provided excellent copying paper when used 
in the manner that ordinary carbon paper is used. The 
copying paper possessed excellent cleanliness and non 
smear characteristics, with little o?set. Copies made with 
this paper were characterized by a strong color, good 
de?nition and legibility and excellent resistance to 
smudging. 

Example 2 

This example describes the preparation or" a copying 
system according to the invention in which the backs of 
sheets of paper are coated with a ?lm comprising a con 
tinuous phase of a ‘blend of cyclized rubber resin, poly 
terpene resin and a hydrophobic para?in wax containing 
microscopic discrete liquid particles of a marking ?uid 
containing a colorless color-forming dye intermediate 
capable of forming color upon reaction with an acidic 
material. 
About 65 parts of Schenectady resin ST-5l15, 45 parts 

of “FT-200” para?in wax and 5 parts of cyclized rubber 
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10 
resin (Alpex resin) were mixed and melted together by 
heating them to a temperature of 240° F. A solution of 
5 parts of p-phenylleucoauramine dissolved in 80 parts of 
polyalkylene glycol (Ucon LB—1145, a polyalkylene gly 
col having a viscosity index of 137, a pour point of 
—20° F., a ?ash point of 430° F. and a density at 60° F. 
of 1.003) containing 2 to 3 drops of ethanolamine was 
heated to 240° F. and added with rapid agitation to the 
mixture of resins and wax which had also been main 
tained at a temperature of 240° F. until a ?nely dispersed 
stable emulsion was formed. This emulsion was. spot 
printed onto the backs of sheets of paper by a ?exo 
graphic process to provide sheets of paper having cer 
tain areas coated with the colorless, color-forming coat 
ing. When these sheets were in register with an adjacent 
receptive surface of paper coated with an acidic material, 
such as tannic acid, or other co-reactants such as calcium 
silicate, and the writing pressure applied to the copying 
sheet, the liquid discrete particles of colorless color-form 
ing marking material exuded from the emulsion coating 
onto the adjacent receptive surface to provide a blue 
mark. Copies made with this paper were characterized 
by strong color, good de?nition and legibility and excel 
lent resistance to smudging or offset. 

Example 3 

This example describes the preparation of a preferred 
copying sheet according to the invention in which the 
discrete liquid particles of marking ?uid contain a colored 
pigment. 

About 25 parts of iron blue pigment were dispersed in 
90 parts of polyethylene glycol having a molecular weight 
of about 400. This dispersion had a viscosity of 456 
centipoises at 70° F. when measured on the Brook?eld 
viscometer using a No. 2 spindle at 60 rpm. A molten 
mixture was prepared by mixing and heating together at 
a temperature of 240° F., 65 parts of Schenectady resin 
ST-S 115, 45 parts of “FT-200” para?in wax and 5 parts 
of cyclized rubber resin (Alpex resin). Into the molten 
mixture of resins and wax, was emulsi?ed by violent 
agitation, 115 parts of polyethylene glycol (mol wt. 400) 
marking ?uid containing the iron pigment. The result 
ing molten emulsion, maintained at a temperature of 
240° F. was applied to the backs of sheets of paper. 
The resulting copying paper provided excellent copying 
when used in the manner that ordinary carbon paper is 
used. It was characterized by excellent cleanliness and 
resistance to smearing and produced very little offset. 
Copies made with this paper possessed a strong color, 
excellent de?nition and legibility, and resistance to 
smudging. 

Example 4 
This example describes the preparation of a copying 

sheet in accordance with the invention coated with a ?lm 
comprising a continuous phase of a polyterpene resin 
which film has disposed therein microscopic discrete 
liiquid particles of a marking fluid containing a colored 
ye. 
A melt having a temperature of 240° F. was prepared 

by heating 385 parts of Schenectady resin ST—5115, 20 
parts Alpex resin and 100 parts 100 second Saybolt 
mineral oil. This melt at a temperature of 240° F. was 
then mixed with a solution of 15 parts of crystal violet 
dye dissolved in 135 parts of polyethylene glycol having 
a molecular weight of 400. The dye solution had a vis 
cosity of 156 centipoises at 70° F. when measured on the 
Brook?eld viscometer using a No. 2 spindle at a speed 
of 60 r.p.m. Homogenization by passing the hot mixture 
through the homogenizing mill was then continued for 3 
minutes thereby providing an emulsion of liquid dye-con 
taining particles of 1—10 microns diameter dispersed in 
the resin base. 
The molten emulsion (at a temperature of 240° F.) 

was coated on paper, the excess being removed by means 
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of a doctor 'bar‘to provide a coating weight of 3‘pounds 
per 500 sheet ream of paper of 20 inches by 30 inches 
size. The discrete ?uid particles of marking liquid were 
retained in the coating upon cooling. The resulting 
coated sheets provided excellent copying paper when used 
in the manner that ordinary carbon paper is used. 

Example 5 
This example describes the preparation of copying 

sheets in accordance with the invention coated with a ?lm 
comprising a continuous phase of cyclized rubber resin 
and paraffin wax, which ?lm has disposed therein micro 
scopic discrete liquid particles of marking ?uid contain 
ing a colored dye. 
About 3.0 parts of cyclized rubber resin (Alpex resin)‘ 

was dissolved at 200° F. in 54.3 parts of a close-cut 
para?in wax having a melting point of 155° F. (5512 
wax, a close out para?in wax having a melting point of 
153° F., a penetration value of 10 at 77° F., and a spe 
ci?c gravity at 60° F. of 0.928),. 
crystal violet dye in 38.5 parts of polyethylene glycol 
(molecular wt. 400) at 200° F. was. homogenized into 
the wax solution and the resulting emulsion coated at 
180° F. on to 9 lb. carbonizing tissue to‘ give a coating 
weight of 21/2 lbs., 20",x 30”—50_0 sheet ream. The re 
sulting coated sheets provided excellent copy and mani 
folding qualities when used as a copying paper. 

Example 6 

This example describes a hot melt emulsion system in 
accordance with the present invention employing a col 
ored dye in the marking ?uid. 
A melt was prepared at 200° F. of 35.7 parts Sun Wax 

5512, 9.7 parts oxidized microcrystalline wax having a 
melting point of l95—200° F. (Cardis I, an emulsi?able 
oxidized petroleum wax having a melting point of 195 
200° F., a penetration value of 1 to 2, an acid number 
of 12 to 16, and a saponi?cation number of 55 to 65), 3.0 
parts Alpex resin and 9.0 parts natural hydrocarbon resin 
(Parco #200 resin, a natural fossil hydrocarbon resin 
having an average molecular weight of about 732, a 
softening point of 160-170° C., an acid number of 6—8,v 
an iodine value or“ 140-150 and a speci?c gravity of 1.03 
to 1.06). A solution of 4.2 parts of crystal violet dye 
in 38.4 parts of polyethylene glycol (molecular weight 
400). (the solution having a Brook?eld viscosity of 156. 
centipoises at 70° F.) was slowly added to the wax mix 
ture at 200° F. with rapid agitation in a Kady- Mill. An 
excellent hot-melt emulsion was produced of very uni 
form size distribution between 1 and. 10 microns diameter. 
When coated on paper, an excellent copying paper re 
sulted. - 

Example 7 
This example describes a copying system of the inven 

tion employing coating having a continuous phase of a 
polyethylene and wax blend. 

About 3.0 parts Alpex resin, 12.6 parts polyethylene 
resin (grade 629, a low molecular weight emulsi?able 
grade, of polyethylene having a melting point of>208—212° 
R, an acid No. of 14-17 and a saponi?cation No. of 144 
17) and 4.5 parts sugar cane wax and 37.5 parts Sun 
Wax 5512 were melted together at 205° F. To this mix 
ture was added at 205° F. a solution of 4.2 parts crystal 
violet dye in 38.4 parts polyethylene glycol 400 (the solu 
tion having a Brook?eld viscosity of 156 centipoises at 
70° F.) and the emulsion so formed agitated thoroughly. 
An excellent stable low viscosity emulsion was obtained 
which coated well at 205° F. on 9 lb. carbonizing tissue 
by a scrape bar method. An excellent copying paper re 
sulted giving an intense mark on a copy paper. 

Example 8 
This example describes the preparation of‘ a preferred 

copying material according to the invention coated with a 
?lm comprisinga continuous phase ‘of a blend of cyclized' 

A. solution of 4.2 parts _ 
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12 
rubber resin, a resin and a hydrophobic para?in wax, 
which ?lm has disposed therein microscopic discrete liquid 
particles of a ‘colorless marking ?uid containing a color 
forming dye intermediate. ‘ ' 

About 7 parts of colorless methyl violet carbinol were 
dissolved in a mixture of 50 parts of ethoxytriglycol, 50 
parts of polyethylene glycol having a molecular weight 
of 400, and 2 parts of sodium hydroxide. The resulting 
solution had a viscosity of 47‘ centipoises at 70° F. when 
measured on the Brook?eld viscometer‘employing a No. 
2. spindle at a speed of 60 rpm. The resulting solution 
was emulsi?ed by rapid agitation into a molten mixture 
prepared by mixing and heating together at 240° F., 360 
parts of “PT-200" para?in wax, 21 parts of coumarone 
indene resin having a melting point of 185° F. ('“Pic 
copale 85”) and 70 parts of cyclized rubber resin (“Plio 
lite N‘ ”)". The resulting’ molten emulsion was coated 
onto- the backs of sheets of paper and upon cooling-pro 
vided a copy material having colorless fluid inclusions of 

I marking ?uid microscopically dispersed throughout the 
continuous coating of themixture of'resins and wax. The 
same sheets of paper were treated on the front surfaces 
with tannic acid. When these sheets were collated in 
manifold form, with the tannic ‘acid treatedv surfaces in. 
contact with the colorless coating, and writing pressure 
applied to the front of the top sheet, a copy was produced 
on the fronts of all the sheets in the manifold. Copies 
made. with this paper were characterized by strong, color, 
Substantially no offset,v good. de?nition and legibility and 
excellent resistance to smudging. 

Example 9, 
This example describes the preparation of 9. copying; 

material employing Candelilla. wax as the ?lm-former of 
the paper coating. 
About 8 parts of crystal violet dye were dissolved in 

92 parts of thiodiethyleneglycol. The resulting solution 
had a viscosity oi 75 centipoises. at 7 0° F. when measured. 
on the Brook?eld viscometer employing a No. 2 spindle 
at a speed of 60 r.p.m. 25. parts of the resulting solu-. 
tion was heated to 175° F. and mixed with 100 parts of 
Candelilla wax molten at a temperature of 175° F. with 
rapid agitation in a Kady mill for 10 minutes. The re 
sulting emulsion contained microscopic discrete ?uid in 
clusions of the. crystal violet dye solution dispersed 
throughout the continuous phase of Candelilla wax; The 
resultant. molten emulsion was coated onto one side of the 
sheets of paper and the excess removed with a doctor 
blade after which the coating was set by passing the, coated 
paper over cold rollers. Thev copying material thus pre 
pared provided excellent write-oil properties and was 
much freer of offset and smudging than ordinary carbon 
paper. 

Example 10 
This example, describes the preparation of copying 

sheets. according to the invention in which both the con~ 
tinuous. phase and the dispersed phasev are Water in 
soluble. 
A dye solution was prepared by dissolving 28 grams 

of crystal violet dye into 257 grams polyepichlorohydrin 
of molecular weight 450 (Poiyglycol 166-450). A melt 
was prepared at 200° F. of 300 grams para?in wax 
(#5512 wax), 65 grams Cardis I wax, and 25 grams 
Alpex resin. The dye solution at 200° F. was added to 
this melt at 200° F. with vigorous agitation in a Waring 
Blender. After homogenizing for 3 minutes at high speed, 
the resulting emulsion was coated at 200° F. by a gravity 
method onto 9 lb. Champlain carbonizing tissue to give 
a coating weight of 3. lbs. for a 500 sheet ream of sheets 
20 inches by 30 inches. 
As will be apparent to those skilled in the art other 

marking ?uids, dyes, pigments and ?lm-formers may be 
employed within the concept of the present invention. 
The terms and expressions which we have employed 

are used as terms of description and not of limitation, and 
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we have no intention, in the use of such terms and ex 
pressions, of excluding any equivalents of the features 
shown and described or portions thereof, but we recognize 
that various modi?cations are possible within the scope 
of the invention claimed. 
What is claimed is: 
1. A pressure-sensitive copying material comprising 

a web having on at least a portion of a side thereof a 
coating having a melting point of between about 130 
and 350° F., and consisting of a hydrophobic thermoplas 
tic ?lm-forming material, said ?lm-forming material, 
having uniformly dispersed therein microscopic discrete 
non-viscous liquid droplets of a marking liquid which is 
substantially insoluble in said hydrophobic thermoplastic 
?lm-forming material, said coating when subjected to 
writing pressure, being rupturable thereby permitting the 
microscopic discrete liquid droplets to exude and pro 
duce a mark on an adjacent sheet. 

2. A pressure-sensitive copying material as de?ned by 
claim 1 in which the marking liquid has a viscosity of 
less than about 50,000 centipoises at 70° F. 

3. A pressure-sensitive copying material as de?ned by 
claim 1 in which the marking liquid has a viscosity of 
between about 30 and 30,000 centipoises at 70° F. 

4. A pressure-sensitive copying material as de?ned by 
claim 1 in which the marking liquid comprises between 
about 20% and 60% of the weight of the coating. 

5. A pressure-sensitive copying material comprising a 
web having on at least a portion of a side thereof a coat 
ing having a melting point of between about 130 and 
350° F., said coating having a continuous phase of a 
hydrophobic thermoplastic ?lm-forming material, said 
?lm-forming material which comprises between about 
40% and 80% of the coating, and having a discontinuous 
phase comprising microscopic discrete non-viscous liquid 
droplets of a marking ?uid substantially uniformly dis 
persed throughout the continuous phase. 

6. A pressure-sensitive copying material comprising a 
web having on at least a portion of a side thereof a coat 
ing having a melting point of between about 130 and 
350° F., and comprising a continuous phase of a ruptur 
able hydrophobic thermoplastic ?lm-forming material 
consisting of a polymer selected from the class consisting 
of natural hydrocarbon and coumarone-indene resins, a 
compatible waxy material and a hydrocarbon-soluble 
protective colloid and a discontinuous phase comprising 
microscopic discrete liquid droplets of a non-viscous 
marking ?uid substantially uniformly dispersed through 
out the continuous phase. 

7. A pressure-sensitive copying material as de?ned by 
claim 6 wherein the polymer material comprises between 
about 25 and 80% by weight of the continuous phase, the 
compatible waxy material between about 10 and 75% 
by weight of the continuous phase, and the protective 
colloid between about 1 and 10% ‘by weight of the con 
tinuous phase. 

8. A stable hot-melt emulsion comprising a continuous 
phase of a hydrophobic thermoplastic ?lm-forming com 
position being substantially a rigid solid at room tempera 
ture and having a melting point of between about 130 
and 350° 13., having dispersed therein microscopic dis 
crete liquid droplets of a non-viscous marking ?uid. 

9. A stable hot-melt emulsion as de?ned by claim 8 
in which the marking ?uid has a viscosity of less than 
about 50,000 centipoises at 70° F. 

10. A stable hot-melt emulsion as de?ned by claim 8 
in which the marking ?uid has a viscosity of between 
about 30 and 30,000 centipoises at 70° F. 

11. A stable hot-melt emulsion as de?ned by claim 
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8 in which the liquid component of the marking ?uid 
comprises between about 20 and 60% by weight of the 
total emulsion. 

12. A stable hot-melt emulsion as de?ned by claim 8 
in which the continuous phase contains at least one waxy 
material. 

13. A stable hot-melt emulsion as de?ned by claim 8 
in which the continuous phase comprises a polymeric 
resin selected from the class consisting of natural hydro 
carbon and coumarone-indene resins having a melting 
point at a temperature of between about 130 and 350“ F. 

14. A stable hot-melt emulsion as de?ned by claim 12 
in which the continuous phase comprises at least one 
WaXy and at least one thermoplastic polymeric material. 

,15. A stable hot-melt emulsion as de?ned by claim 8 
in which the continuous phase contains a protective 
colloid. 

16. A stable hot~melt emulsion comprising a continu 
ous phase having a melting point of between about 130 
and 350° F., comprising about 25 to 80% of a polymeric 
hydrophobic thermoplastic ?lm-forming material selected 
from the class consisting of natural hydrocarbon and 
coumarone-indene resins, about 10 to 75% of a com 
patible waxy material and from 1 to 10% of a cyclized 
rubber resin and a discontinuous phase comprising micro 
scopic discrete liquid droplets of a non-viscous marking 
?uid substantially uniformly dispersed throughout the 
continuous phase. 

17. A process for producing a pressure-sensitive copy 
ing material comprising a web having on at least a portion 
of a side thereof a coating having a melting point of be 
tween about 130 and 350° F., comprising a continuous 
phase of a hydrophobic thermoplastic ?lm-forming ma 
terial having dispersed therein microscopic discrete non 
viscous liquid droplets of a marking fluid substantially 
uniformly dispersed throughout, said coating, when sub 
jected to writing pressure being rupturable, thereby per 
mitting the microscopic discrete liquid droplets to exude 
and produce a mark on an adjacent sheet, which process 
comprises applying the molten coating to a sheet and per 
mitting it to cool. 

18. A process for producing a pressure~sensitive copy 
ing sheet as de?ned by claim 17 in which the marking 
fluid has a viscosity of less than about 50,000 centipoises 
at 70° F. 

19. A process for producing a pressure-sensitive copy 
ing sheet as de?ned by claim ‘17 in which the marking 
?uid has a viscosity of between about 30 and 30,000 centi 
poises at 70° F. 

20. A process for producing a pressureusensitive copy 
ing sheet as de?ned by claim 17 in which the continuous 
phase contains a waxy material. 

21. A process for producing a pressure-sensitive copy 
ing sheet as de?ned by claim 17 in which the continuous 
phase contains a hydrocarbon~so1uble protective colloid. 

References tilted in the file of this patent 

UNITED STATES PATENTS 

2,413,432 Carson ______________ __ Dec. 31, 1946 
2,663,656 Miller et al ___________ __. Dec. 22, 1953 
2,710,263 Clark et al. ___________ __ June 7, 1955 
2,711,375 Sandberg ____________ __ June 21, 1955 
2,732,795 Brandt et al. __________ __ Jan. 31, 1956 
2,755,202 Balon et al. __________ __ luly 17, 1956 
2,820,717 Newman et a1 _________ __ Ian. 21, 1958 
3,016,308 Macaulay ____________ __ Jan. 9, 1962 
3,020,170 Macaulay ______________ __ Feb. 6, 1962 


