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6 Claims 

ABSTRACT OF THE DISCLOSURE 

This invention relates to a process for using a record 
sheet sensitized by a layer of heat-meltable wax having 
dispersed in it the compound 6’-nitro-1,3,3,-trimethyl 
benzoindolinospiropyran, by ?rst heating the layer to fuse 
it, then subjecting the heated layer to an ultraviolet light 
pattern, representing the record, to form a precursor 
image, which image ?nally is ?xed by a further heating 
step to form a ?xed copy of distinctive color in the layer. 
The application claims the method of using the sheet. 

This invention relates to a printing and copying sheet, 
a system employing the sheet, and its use; and more par 
ticularly pertains to such a system employing as a chro 
mogenic material the compound 6’-nitro-1,3,3-trimethv1 
benzoindolinospiropyran, which has the structure 

CH3 

and which compound is used dispersed in a wax material 
taken from the group of waxes consisting of mineral wax, 
vegetable wax, synthetic fatty ester wax, and animal wax, 
such wax being characterized by having a solid state in 
the range of 20 degrees centigrade :20 degrees centi 
grade and a liquid state above 40‘ degrees centigrade, 
preferably in a layer, and is present there at various stages 
of its selective use either as a dispersed crystalline state 
(colorless), a heat-induced solute state (colorless), an 
ultravioletdight-induced activated state (magenta), a ?xed 
state on heating (blue or colorless, according to whether 
or not it has experienced incident ultraviolet light while 
in heat-induced solute state), and a colorless state to 
which the activated state reverts on long standing (maxi 
mum a few hours) or to which it more immediately re 
verts upon exposure to green light or light of wave lengths 
longer than green. 
The behavior of the system cannot be fully explained 

theoretically, but the utility of the system can be ex 
plained and such utility will be exempli?ed in many ways, 
as will be shown in a preferred and other embodiments 
speci?ed with reference to the drawings, in which: 

‘FIG. 1 represents a paper substrate coated with a layer 
of low-melting-point (>40 degrees centigrade) wax solid 
at room temperature (10 degrees centigrade to 35 degrees 
centigrade) in which are originally dispersed ?ne crystal 
line particles of the speci?ed chromogenic material, said 
crystals pervading the wax layer in amount and distribu 
tion so as to be individually detectable visually when 
colored. 
FIG. 2 shows a substrate of paper coated with a poly 

meric material ?lm in which are dispersed wax particles 
of the composition of the wax layer of FIG. 1, the 
wax particles, pervading the ?lm, being supplied in large 
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2 
numbers and also being of small enough dimensions to 
escape individual attention of the eye except when 
colored, and the particles giving a continuous e?Fect in 
the layer where adjacent particles are colored, so that 
printing of high visual resolution can be made thereon. 

FIG. 3 is a ?ow diagram of the process steps in the 
preferred utilization of the sheet. 
FIG. 4 is a structural representation of the dye. 

TH'E SHE'ET ‘OF FIG. 1 

This sheet is made by coating onto a substrate, such 
as paper, a hot melt of a 2%, by weight, solution of the 
speci?ed chromogenic material in wax of the selected 
eligible class identi?ed by being solid at room tempera 
ture and melting beginning at approximately 40 degrees 
centigrade, which is above the maximum temperature of 
use in normal living environment. The cooled, dried, and 
solidi?ed coating preferably should be about 1 to 3 mils 
in thickness, but the thickness can be somewhat more 
or less as desired. 
The preferred wax is ethylene-glycol-monostearate, 

which melts at about 60 degrees centigrade. 

THE SHEET OF FIG. 2 

This sheet is made as follows: 
(I) A solution is made of 50 parts, by weight, of 

ethylene-glycol-monostearate heated to 60 degree centi 
grade and 2 parts, by weight, of the speci?ed chromogenic 
material. 

(II) There are blended together in a high-speed mixer 
2 parts, by weight, of methyl cellulose with suf?cient 
propyl groups to make it hot-water-miscible, and 298 
parts of water, at 80* to 90 degrees centigrade. 

(III) The warm wax solution of (II) is emulsi?ed in 
the warm aqueous dispersion of (11) to form a wax-in 
water emulsion of creamy consistency. 
The system is kept by any suitable means from assuming 

an acid condition. 
The emulsion resulting from step (Hil) is coated on 

a substrate, such as paper, cooled, and dried, enough being 
used to leave a solid coating of 1 to 3 mils in thickness. 
As substitutes for the speci?ed wax of sheets (I) and 

('11) may be mentioned para?in wax, micro-crystalline 
wax, carnauba wax, beeswax, spermaceti, and fatty acid 
esters. 

USES ‘OF THE NOVEL SHEET 

Either of the sheets described has the property of the 
layer‘s becoming sensitized on being heated above 40 
degrees centigrade so as to respond to ultraviolet light, 
said response condition being recognizable by the develop 
ment of a strong magenta color in the layer area re 
ceiving the ultraviolet light. Strangely enough, the sensiti 
zation, while caused by heating the layer for a short 
time to 40 degrees centigrade (or higher), persists a 
matter of minutes or hours after the sheet has returned 
to room temperature—20 degrees centigrade 1-10 degree 
centigrade. The solution of the dye into the molten wax 
and its subsequent recrystallization time are thought to 
be the reason for this. Once the magenta color is formed, 
the layer as a whole, with the substrate, is further heated, 
which causes the magenta-colored areas to become blue. 
The arti?cial heating is stopped as soon as the blue is 
well developed. The so-developed blue color is irreversible 
by green or longer-wave-length visible light at ambient 
temperature but if the heating is continued for more than 
several seconds, the blue color will be decreased in in 
tensity. 

In a preferred use of the invention as a whole and 
as to its various aspects, a print-making employing the 
sheet of BIG. 2 will be speci?ed as Example I. 
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Example I 
In this example, a sheet of paper sensitized with the 

novel composition shown in 'FIG. 2 is heated for two 
seconds between the plates of a hot platen press, having 
a platen temperature of 70 degrees centigrade, and then 
is subjected through a negative photograph transparency 
to a linear gas are lamp discharge radiation rich in 3,500 
to 4,000 Angstroms. This exposure to ultraviolet light 
turns the sheet to a magenta color in areas correspond 
ing to the light areas of the negative, tapering off in 
continuous tone to where the dark areas of the negative 
leave the sheet unexposed and colorless. The sheet then 
is subjected to heating in the same hot platen press for 
?ve seconds, which turns the magenta areas to a blue 
of corresponding intensity. This print is a positive in blue 
on a white background. 

Example II 
This is exactly the same process as in Example I but 

carried out with the sheet of FIG. 1. 

Example III 
In this example, certain selected areas of the magenta 

image of the sheet of ‘Example I are subjected to green 
light before the layer is ?xed to erase a corresponding 
part thereof, and thereafter the sheet is ?xed by heat, as 
explained. 

Example IV 
This example is like Example III, except that the sheet 

of FIG. 1 is used. 
Example V 

This is the same as any of the preceding examples, 
except that a two-tone negative is used. 

Example VI 

The uncolored sheet of FIG. 1 is sensitized in the hot 
platen press and then converted all over to the magenta 
sensitized condition by being flooded with the speci?ed 
ultraviolet light. This sheet may be selectively and dif 
ferentially erased by green light controlled in any manner, 
the remaining magenta areas being ?xed as in Example I 
by heating of the whole layer. 

Example V-II 
A sheet, like the sheets of (FIG. 1 and 2, that bears 

?xed images may be subjected to heat-sensitization to 
render the background colorless areas sensitized and then 
subjected to ultraviolet light patterns to exhibit the added 
data in magenta color, after which the sheet undergoes 
the ?ve-second heat treatment to ?x the image--in add 
a~frame manner; that is to say, the addition of data may 
be made at any time to any unused area. 

Example VIII 
If the magenta data is present as a two-color image 

or as a tone variation, in either an exposed FIG. 1 or 
FIG. 2 sheet—~i.e., a variation in intensity—its erasure 
may be made partial as to areas by timing the exposure 
to green light, the intensely magenta areas persisting in 
the green light after the weak magenta areas have dis~ 
appeared. 

Example lIX 
The time of exposure of a magenta area through a 

continuous tone negative determines the part of the area 
to be sufficiently printed to show blue development on 
heating. This is one other method of controlling selective 
ly what is to be printed from a light control mask. 

Example X 
In this example, using either the sheet of FIG. 1 or 

that of FIG. 2, the printing with ultraviolet light into 
magenta-colored areas may be controlled in one area by 
a negative transparency and in another area by a positive 
transparency. Obvious combinations are the use of super 
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4 
imposed negative transparencies used in any combination. 

Other obvious modes of use of the wax layer or com 
positon consist of variations in erasure and ?xing ex 
posure both areawise and by variation in temperature. 

Example XI 

The sheet of either FIG. 1 or FIG. 2 may be con 
trolled as to areas of sensitization by thermographic means 
in which a master sheet bearing data in terms of in 
frared-radiation-absorbing characters is placed in contact 
with the wax layer, to form a pair; then the pair is sub 
jected to infrared radiation, which results in the appear 
ance of corresponding magenta-colored sensitive areas in 
the waxy layer. When subjected to ultraviolet light and 
heat, the data is ?xed in a blue color in the waxy layer. 
The magenta areas of this example are subject to 

erasure in the before-speci?ed manner, either selectively 
or totally, and are ?xed with the same degree of selectiv 
ity by applied heat to bring the layer, or an area thereof, 
to the ?xing temperature for the longer period of time. 
The thermography heating to sensitize the sheet may 

be accomplished by the re?ex technique, if desired, in 
which the infrared light is ?rst passed through the docu< 
ment to cause the printed data, which is printed in infra 
red-absorbent ink, to become hot and activate the waxy 
layer to become magenta in color. 
The application of heat in the examples has been by 

hot plate or thermographic means, but optically-directed 
infrared light directed against an absorption converter 
may be traced in any pattern to produce a corresponding 
heat pattern against which the novel waxy layer may be 
positioned in contact to be colored magenta according to 
the pattern. ‘In another form of heat application, a brand 
ing-iron type-—i.e., heated type-may be used to apply 
heat conductively to the novel sheet. 
The application of green light may be controllled 

optically by stationary or moving beam to erase a selected 
area of the magenta-colored area. 
An additional novelty of the invention is carried out 

where the steps are performed simultaneously in the 
sense of employing certain operating steps at the same 
'Jime. Ultraviolet light may be projected in a pattern onto 
a sheet at the same time it is being heated to sensitize 
it thereto, and the heating may continue on to ?x the 
print made by the ultraviolet light. 

It will be self-evident that there are numerous combi 
nations in which the novel sheet may be used with light 
and heat controlled in various manners, but the examples 
given are deemed a suf?cient disclosure to claim the novel 
sheet and its use in broad terms. 
What is claimed is: 
1. A process of forming record marks distinguished 

visually by coloration of various pattern areas in a layer 
of wax taken from the group of Waxes consisting of 
mineral wax, vegetable wax, synthetic fatty ester wax, 
and animal wax, such wax being characterized by hav 
ing a solid state in the range of 20 degrees centigrade 
:20 degrees centigrade and a liquid state above 40 de 
grees centigrade having dispersed in it the compound 
6’-nitro-1,3,3-trimethylbenzoindolinospiropyran, including 
the steps of 

(a) heating the layer in the desired pattern areas to 
its melting point to sensitize it to ultraviolet light; 

(b) While said areas are still sensitized, subjecting the 
layer to ultraviolet light of the desired pattern to 
form a magenta precursor image; and 

(c) reheating the layer to a temperature whereat the 
image turns blue, thereby ?xing it. 

2. The process of claim 1 wherein the whole layer is 
heated in step (a). 

3. The process of claim 2 wherein the ultraviolet light 
is applied by means of a light control device. 

4. The process of claim 2 \wherein the ultraviolet light 
is applied enough a control mask and before step (c) 
is performed desired portions of the magenta area are 
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erased to a colorless state by application of green light. 
5. The process of copying a document having data re 

corded thereon in terms of image-representing areas that 
are absorptive of infra-red radiation while the back 
ground area is substantially non-absorptive thereof, in 
eluding the steps of 

(a) forming a pair by placing the document in heat 
conducting contact with a copy sheet comprising a 
heat-meltable wax layer taken from the group of 
waxes consisting of mineral wax, vegetable wax, syn 
thetic fatty ester Wax, and animal wax, such wax 
being characterized by having a solid state in the 
range of 20 degrees centigrade :20 degrees centi 
grade and a liquid state above 40 degrees centigrade 
in which 6'-nitro-1,3,3-trimethy1benzoindolinospiro 
pyran is dispersed; 

(b) directing infra-red radiation against the pair in suf 
?cient amount to heat the infra-red-absorptive matter 
of the document to sensitize the copy sheet to a 
point where the portion of the wax layer in contact 
with the infra-red absorptive matter will turn under 
subsequently-applied ultraviolet light to a magenta 
color; 

(0) ?ooding the layer with ultraviolet light; and 
(d) heating the wax layer until the magenta areas 

turn blue. 
6. The process of copying a document bearing data 

as infra-red-absorptive characters, including the steps of 
(a) heating a copy sheet provided with a Wax layer 

taken from the group of Waxes consisting of mineral 
wax, vegetable wax, synthetic fatty ester Wax, and 
animal wax, such Wax being characterized by hav 
ing a solid state in the range of 20 degrees centi 
grade :20 degrees centigrade and a liquid state above 
40 degrees centigrade having 6’-nitro-1,3,3-trimethyl 
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benzoindolinospiropyran dispersed in it to a tempera 
ture at which the Wax is substantially melted; 

(b) subjecting the layer to ultraviolet light to turn the 
whole area of the layer to a magenta color; 

((1) placing the document against the layer in heat 
conducting contact to form a pair; and 

(d) subjecting the pair to infra-red radiation to turn 
the magenta color to blue in areas in heat-conduct 
ing contact with the infra-red-absorptive data. 
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