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The present invention relates to reversible transparent 
translucent coatings and more particularly to a reversible 
printing method which is useful for infra-red and heat 
duplicating; pressure, heat and infra-red printing; and 
electron beam writing. 
The method of this invention is of general utility as 

opposed to prior art recording, printing ‘and duplicating 
procedures. There are a variety of thermo and light 
sensitive papers in present use for duplicating purposes. 
None of these papers, however, are reversible and there 
fore capable of being reused. Further, these papers are 
generally light deteriorating and must ‘be accordingly 
given special care in storage both prior to their exposure 
and subsequent thereto. These papers are limited to heat 
or light energy duplicating which is the single purpose for 
which they were made. 

Other recording procedures utilize static charge and 
heat to record on thermoplastic material. Developing of 
the recording by heat has to be done in a vacuum to pre 
vent the thermoplastic ?lm degradation. The care of the 
recorded surface is a major problem since the recording 
is on the surface of the thermoplastic. There is further 
a possibility of distortion of the recorded surface due to ‘ 
cold ?ow. The recording cannot give positive or negative 
images when using a light source. . ; 

It is an object of the present invention to provide a 
reversible transparent-translucent coating having a wide 
variety of printing and duplicating uses. 

-It is another object of the present invention to provide 
a reversible transparent-translucent coating which is re~ 
sponsive to heat, pressure and electron beams for produc 
ing graphic representations in its body. 

It is another object of the present invention to provide 
a method for reversible printing which requires no special 
developing procedures. 

It is a further object of the present invention to pro 
vide a reversible printing method for applying and re 
moving graphic representations by forming transparent 
and translucent areas in a coating which are insensitive 
to light and normal temperature conditions. 

It is a still further object of the present invention to 
provide an inexpensive method for printing and duplicat 
ing graphic representations in a coating which may be in 
de?nitely stored without degradation or may ‘be erased 
at will and the ‘coating reused. 

These and other objects are accomplished according 
to the broad aspects of the present invention by provid 
ing a reversible transparent-translucent coating supported 
on the ?exible transparent backing and a method for re 
versible printing thereon. The reversible transparent 
translucent coating is composed of a high ‘softening poly 
meric material and an easily stress micro-crystallizable 
low softening organic material dispersed or dissolved with 
in the high softening material. Under normal as formed 
conditions the low softening material is in an amorphous 
state and the coating is transparent. The whole coating 
or predetermined areas of the coating may be stressed 
to cause the low softening material to crystallize. These 
microcrystallized areas give different optical transmission 
to light than areas in the coating which are not micro 
crystallized. These microcrystallized areas physically ap 
pear clouded or translucent rather than clear and trans 
parent. When it is desired to erase the microcrystallized 
areas of the coating, an application of sufficient heat to 
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relieve the stresses within the coating is all that is neces 
sary to revert the low softening material back to its 
original transparent amorphous state. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the following 
more particular description of the preferred embodiments 
of the invention as illustrated in the accompanying draw 
ings. 

In the drawings: 
FIGURE 1 is an enlarged perspective view of the re 

versible fusion-microcrystalline sheet of the present in 
vention; 
FIGURE 2 is a perspective, schematic view of the re 

versible fusion-microcrystalline sheet having graphic rep 
resentation applied according to one embodiment of the 
present invention; and ‘ 
FIGURE 3 is a perspective, schematic view of the re-‘ 

versible fusion-microcrystalline sheet having a graphical 
representation made according to another embodiment of 
the present invention. 

Referring now, more particularly, to FIGURE 1 there 
is shown a reversible transparent-translucent coating 10 
supported on a ?exible transparent backing 12. The coat‘ 
ing is a dispersion of an easily stress microcrystallizable, 
low softening organic material in a high softening poly-v 
meric material. The high softening polymer and the low 
softening material must be compatible to give a trans 
parent coating under the as formed condition. 
The principal necessary characteristic of the low soft 

ening material is the ability to become microcrystallized 
and thereby affect optical light transmission through the 
coating under mechanical stresses. Further, these 
stresses must be able to be relieved and the material 
returned to its normal amorphous state by a simple an 
nealing step within a relatively lOW temperature range 
such as from 60 to 150° C. The low softening material 
also is completely compatible with the high softening ma 
terial so that when it is in its amorphous state the reversi 
ble coating is fully transparent to light. The class of ma 
terials ‘which exhibits such properties includes ortho and 
meta diphenyl benzene; wood rosin; certain difunctional 
rosin esters, such as the diglycerol or pentaerythritol es 
ters of the rosin acid; polymerized rosin; ‘hydrogenized 
rosin; abietic acid; esters of abietic acid and polymerized 
abietic acid. The esters of rosin acid and polymerized 
rosin are produced according to the teachings of United 
States Patent 2,263,915, issued to J. N. Borgein. 
The high softening organic polymeric material may be 

any one of several plastic materials such as polyethylene 
terephthalate, polystyrene, styrene-acrylonitrile copoly 

. mers, polyvinylidene chloride and copolymers thereof 
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with acrylonitrile, poly (methyl meth-acrylate), polyvinyl 
acetate, polyvinyl chloride and copolymers of polyvinyl 
chloride and polyvinyl acetate. The required conditions 
of the high softening material is that it is transparent to 
light, compatible with the low softening material and its 
softening point is at least 10—30° C. above that of the 
low softening material in order that the coating will re 
tain its shape during the fusion of the microcrystallized 
areas by heating. 
A ?lm of this matrix can be coated on any suitable 

transparent backing or support Web 12 such as polyethyl 
ene terephthalate, cellulose triacetate or cellulose diacetate 
?lm, or polycarbonate transparent ?lm. The formulation 
for the coating may be coated on the backing or support 
by any of the diverse available coating procedures. 
Where there are adhesion problems between the coat 

ing matrix and the backing web, a suitable adhesive pre 
coating may be applied to the backing web prior to ap 
plication of the coated ?lm. The adhesive precoating 
should be incompatible with the coating to prevent the 
coatings from bleeding into one another. Examples of 
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acceptable precoatings are 49000 Du Pont linear polyester 
resin (a trademark of the E. I. du Pont de Nemours 
Company) or a 35% acrylonitrile-65% butadiene co 
polymer. 
A dye may be incorporated in the reversible coating 

or the precoating, or applied as a separate coating. The 
dye helps to provide contrast between the semi~opaque, 
microcrystalline and transparent, amorphous areas of the 
coating. Methylene blue and methyl violet are two of 
the wide choices of useful dyes which have been used. 
The reversible transparent-translucent sheet is usable 

in two general reversible printing procedures. One is the 
stressing of the entire reversible sheet initially followed by 
the relieving of the strain in speci?c areas of the sheet to 
thereby represent graphic representations. The resulting 
product in this instance could take the form of FIGURE 
2 wherein transparent graphic representations 14 are 
shown in a translucent coating 16. A method for strain 
ing the coating is to strain the coating by drawing the 
backing web side of the sheet over a smooth edge to cause 
the microcrystallization of the low softening material and 
the resultant translucent appearance of the entire sheet. 
The other procedure would be to initially form graphic 
representations in the sheet by straining speci?c areas 
in the shape of the desired representations. FIGURE 
3 illustrates this product wherein a translucent representa 
tion 18 is present within the coating 20. 
The duplication of printed material may be accom 

plished using the completely stressed translucent sheet. 
The translucent-transparent reversible sheet which has 
been stressed to its translucent condition is placed against 
the sheet of printed material and then irradiated from a 
heat source. Absorption of the radiation by the printed 
characters results in generation of heat which is then con 
ducted through the coating. A heat pattern correspond 
ing to the printed material is developed on the coating 
of su?icient intensity to relieve the stresses and crystalliza 
tion in the coating and transparentize the coating in the 
areas corresponding to the printed matter. The dupli 
cated printed matter appears as transparent areas in the 
generally translucent coating. The duplicated printed 
matter may be viewed as a positive or negative depending 
on the combination of transmitted and reflected light that 
it was viewed with. To erase the duplicated printed ma 
terial from the coating, the ?lm is passed under a heat 
irradiation source of high intensity or a black piece of 
paper is placed underneath the ?lm and the pair passed 
under a less intense heat source. To duplicate other 
printed material on the same transparent-translucent coat 
ing the coated ?lm is again strained and rerun under the 
heat irradiation source with another page of printed ma 
terial. The reversible coating may thus be used in 
de?nitely. 
The other methods of using a completely stressed trans 

parent-translucent reversible sheet are to strike the sheet 
with a heated striking instrument, to irradiate with heat 
through openings in type character insulated masks or 
grids, and to write on the surface by electron beam heat 
ing. In each case the heat must be applied for a suffi 
cient time to allow the localized heated areas to increase 
in temperature suf?ciently to bring the temperature of the 
microcrystallized low softening material above its soften 
ing point which causes the fusion of the crystals and thus 
transparentize these localized areas. 
The unstrained ?lm can be printed upon by application 

of force as by a stylus, compression die or by impact 
of a typewriter hammer. The application of force to the 
?lm induces strain and resultant microcrystallization of 
the low softening organic material in the ?lm. The ap 
plication of force is applied from the backing web side 
of the coated sheet. The surface of the striking instru 
ment must be su?iciently blunt so that the backing web 
is not injured by the strike. This procedure using the fu 
sion-microcrystalline coating lends itself to a higher print 
ing or typing speed than is obtained using a conventional 
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4 
typewriter or printer because there is no requirement to 
indent the material but only to strain it. The strained 
areas of the coating can be removed by heating the ?lm or 
passing it through a heat source and reusing it again. 
An electron beam can be used to apply microcrystal 

lized images or other information on an unstrained coat 
ing. The electron beam must be of high voltage and a 
low current to effect the mechanical straining of the trans 
parent-translucent coating. Erasure of the strained areas 
is accomplished by heating as in the previously described 
methods. 
The following are examples of the present invention in 

detail. The examples are included merely to aid in the 
understanding of the invention and variations may be 
made by one skilled in the art without departing from 
the spirit and scope of this invention. 

Example 1 

The following mixture was ball milled overnight until 
a solution was obtained: 

10 grams, 23% acrylonitrile, 77% styrene copolymer 
(Tyril 767, produced by Dow Chemical Co.) 

6.7 grams, wood rosin (WW grade) 
25.0 grams, toluene 
25.0 grams, acetone 

The coating solution was deposited onto polyethylene 
terephthalate (Mylar produced ‘by E. I. du Pont de 
Nemours and Company), polycarbonate and cellulose 
triacetate backing webs by means of a knife coater. The 
solvent was evaporated from the coating by ?owing air 
over the coated sheets in a 130° F. oven. The dry ?lm 
coating was transparent and approximately 0.5 mil in 
thickness. The coating on each of the backing webs 
was microcrystallized by drawing the backing web side 
of the ?lm over a smooth edge. The appearance of 
strained ?lm was translucent as compared to the trans 
parent pre-stained ?lm. A page of typewritten material 
was duplicated on the stressed sheet by passing the coated 
sheet in contact with the page of printed material under 
a heat radiation source. The printed material appeared 
in the coating as transparent areas while the remaining 
portions of the coating were translucent. The trans 
lucent areas in the coating were erased by passing the 
coating in contact with a black piece of paper under 
a heat radiation source. 

Example 2 

The following coating composition was brought into 
solution and applied to the three backing webs according 
to the procedure of Example 1: 

10.0 grams, 20% acrylonitrile, 80% vinylidene chloride 
copolymer (Saran F-120-1000 cps.—produced by 
Dow Chemical Co.) 

6.7 grams, hydrogenated wood rosin (Staybelite resin 
produced by Hercules Powder Co.) 

50.0 grams, methyl ethyl ketone 

The unstrained coating was transparent. A page of 
typewritten material was duplicated as described in Ex 
ample 1. The printed material appeared in the coating 
as transparent areas while the remaining portions of the 
coating were translucent. The translucent areas of the 
coating were than erased by heating the coating to ap 
proximately 150° C. 

Example 3 

The following coating composition was brought into 
solution and applied to the three backing webs accord 
ing to the procedure of Example 1: 

10.0 grams, 20% acrylonitrile, 80% vinylidene chloride 
(Saran F-120-1000 cps-produced by Dow Chemical 
Co.) 

6.7 grams, wood rosin (FF grade) 
50.0 grams, methyl ethyle ketone 
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The unstrained coating was transparent. A page of 
typewritten material was duplicated as described in Ex 
ample 1. The printed material appeared in the coating 
as transparent areas while the remaining portions of the 
coating were translucent. The translucent areas of the 
coating were erased by heating the coating to approxi 
mately 150° C. 

Example 4 

A polyethylene terephthalate high softening resin was 
prepared by heating the following mixture with a nitro 
gen sparge for two hours at about 180° C. until the 
methyl alcohol had been completely removed from the 
reaction by the sparge: 

Grams 
Dimethyl terephthalate ____________________ __ 25.0 

Dimethyl isophthalate _____________________ __ 6.0 

Ethylene glycol __________________________ __ 18.0 

Polyethylene glycol (400 molecular weight) ____ 5.6 
Calcium acetate __________________________ __ 0.050 

Antimony oxide (Sb2O3) __________________ __ 0.016 

Then the above mixture was further heated at 180° C. 
with agitation under a vacuum of 0.5 to 1.0 centimeter of 
mercury for a period of two hours. The resulting prod 
uct being an “isophthalate modi?ed polyethylene tereph 
thalate resin.” 
The polyethylene terephthalate resin together with the 

other following constituents in the proportions listed were 
brought into solution by ball milling overnight. 

Grams 
Polyethylene terephthalate __________________ __ 10.0 

Wood rosin (FF grade) ____________________ __ 6.7 
P-dioxane ________________________________ __ 50.0 

Polyethylene terephthalate, polycarbonate and cellulose 
triacetate backing webs were coated by knife coating with 
the resulting coating solution. The solvent was evapo 
rated by ?owing air over the ?lm in a 130° F. oven. The 
dry ?lm coating was approximately 0.5 mil in thickness. 
Printed matter Was successively duplicated in the coat 
ing and erased as described in Example 1. 

Example 5 

The following materials were brought into solution 
in the following proportions and coated according to the 
procedure of Example 1: 
10.0 grams, polyethylene, terephthalate (Polyester 1036 
produced by the Goodyear Tire and Rubber Co.) 

6.7 grams, wood rosin (FF grade) 
50.0 grams, p-dioxane 
0.2 grams, methyl violet 

The transparent coated ?lms were struck from the back 
ing side of the ?lm with typewriter hammers from an 
ordinary typewriter. A separate sheet of plastic covered 
the hammers of the typewriter. The typewriter ham 
mers induced microcrystallization in the coating where 
the hammer hit. In this manner, “typed” characters 
were printed in the coatings. Erasure was accomplished 
by application of high heat. Printed matter was also 
successively duplicated in the coating and erased as 
described in Example 1. 

Example 6 
The following materials were brought into solution 

in the following proportions and coated according to the 
procedure of Example 1: 
10.0 grams, polyethylene terephthalate (Polyester 1036 
produced by the Goodyear Tire and Rubber Co.) 

6.7 grams, polymerized abietic acid (Dymerex produced 
by the Hercules Powder Co.) 

50.0 grams, p-dioxane 
Printed matter was successfully duplicated in the coating 
and erased as described in Example 1. Microcrystallized 
areas were printed in the transparent coating by means 
of a typewriter as described in Example 5. 
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6 
Example 7 

The materials were brought into solution in the fol 
lowing proportions and coated according to the pro 
cedure of Example 1: 

10.0 grams, polyethylene terephthalate (Polyester 1036 
produced by the Goodyear Tire and Rubber Co.) 

6.7 grams, pent-aerythritol ester of abietic acid (Pentalyn 
A produced by Hercules Powder Co.) 

50.0 grams, p-dioxane 

Printed matter was successively duplicated in the coat 
ing and erased as described in Example 1. Microcrystal 
lized areas were printed in the transparent coating by 
means of a typewriter as described in Example 5. 

Example 8 

The following materials were polymerized for 24 hours 
within a closed jar in an oil bath maintained at 67° C.: 

Grams 
Styrene monomer ________________________ __ 100.0 

Ortho diphenyl benzene ___________________ __ 40.0 
2,2-azobis-Z-methylpropionitrile ____________ __ 0.7 

The resulting resin was dissolved in 325 grams of toluene 
by ball milling and coated on polyethylene terephthalate, 
polycarbonate and cellulose triacetate backing webs. 
Printed matter was successfully duplicated in the coating 
and erased as described in Example 1. The coating was 
then stressed by drawing the coated web over a smooth 
edge. The stressed coated web was laid against an in 
sulator and the spark from a Tesla coil (made by The 
Central Scienti?c Instrument Co., Chicago, Illinois) was 
successfully used to transparentize portions of the micrm 
crystallized coating. 

Example 9 

The Example 8 was repeated except that meta diphenyl 
benzene was substituted for the ortho diphenyl benzene 
in the following formulation: 

Grams 
Styrene monomer ________________________ __ 100.0 

Meta diphenyl benzene ___________________ __ 40.0 

2,2 azobis-2 methylpropionitrile ____________ __ 0.7 

Printed matter was successfully duplicated in the coating 
and erased as described in Example 1. 

Examples 9-13 

Polystyrene (Lusterx RLD-1-2020 produced by Bake 
lite Company, Union Carbide Corp), poly (methyl meth 
acrylate) (Plexiglas produced by Rohm and Haas Co.), 
polyvinyl chloride (Geon 100 X13 produced by B. F. 
Goodrich Chemical Co.), a copolymer of polyvinyl chlo 
ride (97%) and polyvinyl acetate (3%) (VYNW pro~ 
duced by Bakelite Co., Union Carbide Corp.), and a co 
polymer of polyvinyl chloride (87%) and polyvinyl ace 
tate (13%) (VYHH produced by Bakelite Co., Union 
Carbide Corp.) were each brought into a tetrahydrofuran 
solution together with wood rosin (grade FF) according 
to the procedure of Example 1 and in the following pro 
portions: 

Grams 
Polymer ________________________________ __ 10.0 

Wood rosin _____________________________ __ 6.7 

Tetrahydrofuran _________________________ _ _ 60.0 

Each coating formulation was coated on polyethylene 
terephthalate and cellulose diacetate backing webs by a 
knife coater. The solvent was evaporated from the coat 
ing by ?owing air over the coating in a 130° F. oven. 
All coatings on the cellulose diacetate webs were uniform 
and transparent. The polystyrene and poly (methyl 
methacrylate) coating solution could not be made to ad~ 
here satisfactorily to the polyethylene terephthalate web. 
Printed matter was successfully duplicated in the coating 
and erased for each satisfactory coating as described in 
Example 1. 



3,2 
7 

The proportion of the low softening material to the high 
softening material may be varied within limits depending 
largely on the coating composition used. Should too 
great a proportion of the low softening material be pres 
ent in the coating, there would tend to be ?aking from 
the surface of the coating of the crystallized low softening 
material. Further, the entire stability of the coating 
would be effected during heating for erasure of the trans 
lucent areas because of undue surface softening. Where 
too low a proportion of the low softening material is 
present there is, of course, the reduction in contrast be 
tween microcrystallized-translucent and the transparent 
areas of the coating. 
The particular solvents and their proportions used in 

the examples such as toluene, acetone, methyl ethyl ketone 
and p-dioxane are merely exemplary. The function of 
the solvent in the formulation is to bring the high and low 
softening materials into solution and to serve as the vehi 
cle for applying the desired coating to its backing. The 
solvent is not critical since it is evaporated during the dry 
ing of the coating. The amount of solvent is varied de 
pending upon the desired viscosity of the coating solution. 
Coatings have been successfully made using a wide range 
of viscosities. 
The coating thickness used throughout the examples 

was 0.5 mil dry ?lm. Coatings have been prepared, 
however, where the dry ?lm coating thickness ranged from 
0.2 to 1.0 mil and the product was susceptible to the re 
versible printing method. Coatings of an even wider 
thickness range could no doubt be successfully used. 
The invention thus provides the first truly reversible 

and reusable coating capable of being printed upon, and a 
reversible printing method to apply and erase graphic 
representations to and from the coating. The transpar— 
ent coating may be stressed by a simple drawing of the 
supported coating over a smooth edge to cause micro 
crystallization within the coating and a resultant degree 
of opaqueness to the coating. This microcrystallization 
and opaqueness can then be removed by heating the coat 
ing to a temperature above the softening point of the 
microcrystallizing material in the coating and thereafter 
cooling the coating to room temperature. Both the stress 
ing and the fusion of the microcrystallized coating may be 
done selectively. This results in the ability to print micro 
crystallized translucent or opaque areas on the transpar 
ent coating or to print transparent areas on the micro— 
crystallized coating. The microcrystallized translucent 
or opaque areas are always capable of being reverted to 
their transparent condition by a simple heating of those 
areas of the coating. 

While the invention has been particularly shown and 
described with reference to preferred embodiments there 
of, it will be understood by those skilled in the art that 
the foregoing and other changes in form and details may 
be made therein without departing from the spirit and 
scope of the invention. 
What is claimed is: 
1. A reversible printing method, comprising: 
applying graphic representations by forming transpar 

ent and translucent stress micro-crystallized areas in 
a substrate supported coating; 

said coating comprising a continuous phase of a high 
softening polymer, and a low softening resinous ma 
terial dispersed within said continuous phase from 
the group consisting of ortho and meta biphenyl 
benzene, rosin, abietic acid, polymerized abietic acid, 
hydrogenated abietic acid, hydrogenated rosin, po 
lymerized rosin, the pentaerythritol ester of rosin, 
and the pentaerythritol ester of abietic acid; said 
low softening material being compatible with said 
high softening polymer to the extent that the un 
stressed coating is substantially transparent; and 
said high softening polymer having a softening tem 
perature at least 10“ C. higher than said low soften 
ing material; 
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8 
and removing said graphic representations by heating 

said coating to its transparent condition. 
2. A reversible printing method, comprising: 
applying a force against the substrate side of a trans 

parent substrate-supported coating to cause the coat 
ing to become translucent in the localized areas in 
which said force was applied; 

said coating comprising a continuous phase of a high 
softening polymer, and a low softening resinous ma 
terial dispersed within said continuous phase from the 
group consisting of ortho and meta biphenyl ben 
zene, rosin, abietic acid, polymerized abietic acid, 
hydrogenated abietic acid, hydrogenated rosin, po 
lymerized rosin, the pentaerythritol ester of abietic 
acid; said low softening material being compatible 
with said high softening polymer to the extent that 
the unstressed coating is substantially transparent; 
and said high softening polymer having a softening 
temperature at leaest 10° C. higher than said low 
softening material; 

and heating said coating to remove said translucent 
areas from said coating. 

3. The method according to claim 2 wherein said 
force is a typewriter type hammer. 

4. The method according to claim 2 wherein said force 
is a high voltage electron beam. 

5. A reversible printing method, comprising: 
drawing an already formed, normally transparent coat 

ing supported on a ?exible, transparent base over a 
smooth edge to cause the coating to become uni 
formly micro-crystallized and translucent; 

said coating comprising a continuous phase of a high 
softening polymer, and a low softening resinous ma 
terial dispersed within said continuous phase from 
the group consisting of ortho and meta biphenyl 
benzene, rosin, abietic acid, polymerized abietic acid, 
hydrogenated abietic acid, hydrogenated rosin, po 
lymerized rosin, the pentaerythritol ester of rosin, 
and the pentaerythritol ester of abietic acid; said low 
softening material being compatible with said high 
softening polymer to the extent that the unstressed 
coating is substantially transparent; and said high 
softening polymer having a softening temperature at 
least 10° C. higher than said low softening material; 

selectively heating said coating in the desired pattern 
until the microcrystallized portions of the coating 
heated are reverted to their normally transparent con 
dition; 

and heating said coating to remove said translucent 
areas from said coating. 

6. The method of claim 5 wherein the said selective 
heating is accomplished using a heated striking instru 
ment. 

7. The method of claim 5 wherein said selective heat 
ing is accomplished by applying heat through openings 
in a heat insulated mask. 

8. The method of claim 5 wherein the said selective 
heating is accomplished using a high current electron 
beam. 

9. A method for duplicating graphic representations 
which are on a material that is relatively non-absorptive 
to radiant energy, comprising: 

drawing an already formed coating supported on a 
?exible base over a smooth edge to cause the coat 
ing to change from its original transparent condi 
tion to a uniformly microcrystallized, translucent 
condition; 

said coating comprising a continuous phase of a 
high softening polymer, and a low softening resinous 
material dispersed within said continuous phase from 
the group consisting of ortho and meta biphenyl 
benzene, rosin, abietic acid, polymerized abietic acid, 
hydrogenated abietic acid, hydrogenated rosin, po 
lymerized rosin, the pentaerythritol ester of rosin, 
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