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This invention is concerned with duplicator
sheet material or copying-paper useful in prepar-
ing copies of printed matter or the like, and
with compositions and methods related thereto.
The invention particularly contemplates heat-
sensitive coatings and coated sheet materials of
3 novel type, and methods of utilizing such ma-
terials in preparing duplicate copies of printed
or other graphic subject-matter by simple expo-~
sure to high intensity irradiation and without
subsequent developing or fixing operations.

This application is a continuation-in-part of
our co-pending application Serial No. 737,339,
filed May 10, 194%.

Prior art copying-papers of which we are
aware, which are subjected to exposure to visible
light or similar forms of radiant energy in the
preparation of copies of graphic subject-matter,
must be protected from light before use, and re-
quire various processing steps, in addition to the
initial controlled exposure, for the production
of visible light-stable copies.

QOur new heat-sensitive copying-paper, on the
contrary, is not itself affected by radiant energy
such as visible or ultra-violet light, and may
therefore be left exposed to such radiations both
hefore and after printing. Nevertheless, radiant
energy may be employed as the sole agency for
the production of visible light-stable and perma-
nent copies of graphic subject-matter on our
novel copying-paper, or on other surfaces carry-
ing our novel heat-sensitive compositions, by
processes as hereinafter set forth.

The processes by which we are enabled to
achieve this result, e. g. in the preparation of
copies of the printed pages of books or the like,
involve the irradiation of the printed surface,
the resultant formation of an elevated-tempera-
ture pattern corresponding to the graphic sub-
ject-matter of sueh printed surfaces, and the
utilization of this elevated-temperature patiern
in the development of a facsimile copy of the
graphic subject-matter on the heat-sensitive
copying-paper.

Formulas may be.found in the prior art for
various heat-sensitive paints, coated sheet ma-
terials, and the like. All such products of which
we are aware exhibit one or more signifieant defi~
ciencies when compared with our novel heat-
sensitive compositions and coated products.
They may be sensitive to light as well as heat.
They may require an extremely high tempera-
ture, or a relatively long time at a specific tem-
berature, or heating over a wide range of temper-
ature, to produce a visible change of sufficient in-
tensity. The change obtained at elevated tem-
beratures may be reversible on cooling, i. e. the
product exhibits thermotropy. These and other
deficiencies of prior art materials are avoided by
the use of our novel compositions and products,
particularly in connection with the copying of
printed matter such as books, drawings or dia-
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grams, pictures, ete. by means of our novel copy-
ing-paper herein described and illustrated.

The heat-sensitive compositions of our inven-
tion are comprised of solid ionizable reactants
of which at least one is an electron donor com-~
ponent and another an electron acceptor compo-~
nent, which are potentially chemically capable
of irreversibly and rapidly reacting in an elec-
tron donor-acceptor type reaction at normal
room temperature to produce a visibly different
reaction product, but which are normally main-
tained in physically distinet relationship and
physically prevented from so reacting. In many
cases the eleciron donor component contains two
or more donor groups so that one or more ring
structures are formed in the reaction, and such
donor components are therefore classifiable as
chelating agents. The structure of the sheet
material is so designed that an increase in tem-
perature to a predefermined level allows the re-
action to take place. The reaction is believed
to be initiated by the melting, or softening, or
cther physical change, of one or more of the re-
active substances. Whatever the specific physi-
cal change employed, the appiication of heat re-
sults in an immediate reaction of the reactants
and formation of a colored, opaque, or otherwise
visibly different reaction product.

The rapid rate of reaction obtainable by this
means is particularly advantageous where the
reactive material in sheet form is to be used as
a heat-sensitive copying-paper. For the most
effective reproduction of drawings or the like
containing fine lines as well as massive dark
areas, a high contrast number, as hereinafter
defined, must be obtained when the sheet is
heated through s narrow range of temperature
not greater than about 20° C. and preferably
about 5° C., within a period of time not greater
than one second, and preferably within about
one-tenth of a second, in order to obtain desir-
able contrast and detail,

Where these limitations are exceeded, the re-
productions obtained may be blurred, “fuzzy,” or
otherwise of poor quality, For example, a heat-
sensitive sheet material which darkens over a
wide range of temperature, e. g, which provides
& contrast number of 0.2 when heated to 70° C.
but dees not reach a contrast number of 0.8
until heated to 110° C., will ordinarily not pro-
duce a print having good contrast between light
and dark areas.

A convenient method of determining the rate
of reaction as well as the required temperature
of activation for a particular copying-paper in-
volves placing portions of the sheet against a
series of metal surfaces each at a different but
controlled temperature, and for various inter-
vals of time. Our preferred copying-papers,
when so tested, show g reaction from the origi-
nal state to a color intensity or opacity equiva-
lent to a contrast number of at least about 0.4,
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and préférably about 0.9, whén heated ab the
required temperature level and within a tem-
perature range of not more than about 20° C.,
and within a contact time of not more than
about one-tenth second. ) B

Tn determining the contrist nuriker of a oDy~
ing-paper, suitably exposed samples having
printed (darkened) and unprinted (undarkened)
areas are held against a flat magnesium car-
bvonate block (a “standard maghesium carbonate
surface” as defined in the paint industry). A
beam of white light (north exposure daylight)
is dgirécted against the outer surface of the
sample at an aingle of 45°, and the intensity of
this light reflected normal to the surface is meas-
wied by means of a suitable photometer. The
eontrast number is defined as the following ratio

I u_',I d

1,
afs T represents intensity, anhd subscripts u
Ang réfer to meéagurements made over the un-~
darkened area and the darkened area, respec-

tively. |

The Following examplés of specific composi-
tions and struetures will serve more clearly to
poiit olth and explain the novel coneept here in-
volved, but aré ot to be corstrued &s limitative.

Ezample 1

Liad myristate was prepared by adding an
agueois solution of lead geetate to an agueous
solution of the sSodiim soap of commercisi
mytistic acid. The Wwashed and dried product
Was ‘dispersed in three times its weight of hep-
tane by ball tilling with flint balls. A disper-
ion of S=diphenyl carbazide in four times its
weight of heptane was separately similarly pre-
pared. Twenty parts by weight of each disper-
sion was mixed together, and 5 parts of a 30%
solution 'of cyclicized rubber (“Pliolite™) added.
Thie tixture was coated on condenser-tissue and
dtied at room temperature. The dried sheet
%as white in appearance, quickly changing fo
§carlét when heated to approximately 85-90° C.
It Wwas useful as a héat-sensitive copying-paper.

Example 2

‘A dispersioh was prepared, by ball milling, of
100 Darts by Weight of cadmiu stearate in 580
parts of heptane. The cadmium stearate was
préepared by precipitation from a solution of the
sodium soap of triple-pressed steafic acid. Sep~-
arately, a dispersion of 20 parts of diphenyl
catbazone in 200 paits of heptane, and a solu-
tion of 10 parts of crepe rubber in 90 parts of
heptane, were provided. The two dispersions ahd
the solution were mixed in the weight ratio of
1:2:3 to provide a liguid mixture which was
coated onto flax tissue and dried at room tem-
perature. The sheet was yellowish tan, rapidly
changing to Ted at approximately 100° C., and
sérved as a useful heat-sensitive copying-paper.

Ezample 3

Mereuric stearate was substituted for the cad-
mium stearate and S-diphenyl carbazide for the
diphenyl carbazone of Example 2, the remaining
ingredients and the relative proportions re-
maining the same. The coated sheet was light
gray, changing rapidly to purple when heated
to approximately 90° €., and -could be used to
provide copies of printed matter by thermo-
copying methods herein described.

<
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Example 4

Cupric stearate replaced the cadmium stearate
of Example 2 in this example. Additionally,
there was added to the mixture a small amount
of sodium iodide, to prevent premature reaction
and reduction of contrast. The sheet was light
tan in color, changing rapidly to purple when
heated to 75-85° C., and produced thermocopies
having adequate contrast and detail.

Example 5

Thirty parts by weight of a dispersion of di-
phenyl earbazone in ten times its weight of hep-
tane were mixed with 5 parts of a 5% solution
of rubber in heptane and coated in a thin layer
on flax tissue. Over the dried coating there was
theén applied a further coating of a mixture of
30 parts of & dispersion of ziné stearate in 5
times its weight of heptane, and 5 parts of the
59 rubber solution. The ecoated and dried
sheet appeared shoW white; it printed to a scar-
18t image at approzimately 100° C.

Fach of thé coler producing reactants of the
above examples is present in solid particulate
form, closely associated with the solid particles
of the other reactant but physically separated
therefrom by the intervening rubber or other
pinder. ‘The bhinder separates the particles and
&b the same time holds them in position on the
sheet. It also prevents contact of the particles
with adjacent surfaces of other papers or the
like during the thermocopying process. - For
these purposes, many other film-forming binder
materials are applicable, only providing that the
reactants are each inscluble in the binder solu-
tion so that they do not dissolve and react dur=
ing mixing and coating. Methyl cellulose and
polyvinyl butyral are examples of other useful
film-forming binders.

Tn these compositions and coated sheet ma-
terials, at least one of the reactants must be ca-
pable of melting or fusing at a temperature
within the range of about 60-120° C. The poly-
valent metal soaps of Examples 1-5 each melt
within these temperature limitations, particu-
larly when made from commercial long-chain
fatty acids as described in Txamples 1 and 2;
such compounds are rather readily prepared,
give a desirably sharp color reaction with ap-
propriate organic reagents, and are generally
preferred by us. However, these organic re-
agents react equally well with the polyvalent
metal ions in other forms, and hence other fus-
ible or infusible metallic compounds may also

5 be employed, provided only that at least one of

the reactants be fusible within the range of
60-~120° C. .

A great many reactions are known, and others
are constantly being -discovered, by means of
which most if ‘not all -of the polyvalent metals
may be identified. Many of these reactions are
susceptible of utilization. as color-reactions for
the purposes of our invention. There must be
at least two solid reactants. They must be in
closely assceciated, preferably particulate form,
but in non~reactive relationship, e. g. separated
from each other by o film-forming binder ma-
terial. ‘Al least one of the reactants must be -
fusible at a temperature within the range -of
about 60-120° C. 'The reactants must be visibly
inter-reactive at normal room temperatures; i. e,
they must be capable of reacting together to pro-
duce a strongly celored or otherwise visibly dis-
tinet reaction product -when dissolved together
in g solvent at normal room temperatures.
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Ordinarily, neither of the reéactants should
initially be strongly colored, since color in the
copying-sheet would reduce the available degree
of contrast. However, the procedure employed
in Example 5, of applying two separate layers
which intermix only at the interface, affords one
way of minimizing the efects of strongly colored
reactants. Highly odorous, or volatile, or light-
sensitive solid reactants may be used in copy-
ing-sheets designed for special purposes or for
temperary use, but in general are undesirable.

It is possible to select, from known sources,
many type reactions which may be made to
oceur af normal room temperatures and for
which reactants may be selected having the re-
quired physical properties as hereinabove enu-
merated. For example, lists of “spot test” re-
agents, based on information published by Dr.
F. Feigl in his book “Qualitative Analysis by Spot
Tests,” are available. These organic reagents
are used in detecting many multivalent metal
ions, and appropriate reagents which produce
highly colored compounds or complexes with
sueh metal ions may readily be selected from
Such a list. The metal ion may be provided in
the form of a fusible salt or soap, as already
Indicated. 'The two or more components are
then dispersed in a non-solvent volatile vehicle,
together with a soluble film-forming hinder, and
coated on a thin paper or other carrier web as
herein described, to provide a heat-sensitive
copying-paper,

Typical examples of spot test reagents, with a
list of metallic ions with which each may be
coupled, follows.

Organic spot test reagent Metal

3-nitrosalicylicacid._________________. Al Cd, Ct, Co, Cu, Ba, Fe,
™ v b, Mg, Mn, Ni, Zn,
, Cd, Ca, Co, Cu, Ba, Te,
Pb, Mg, Mn, Ni, Zn.
Cd, Cu, ¥e, Ph, Mn, Ni, Zn,
83, Co, Cu, Fe, Pb, Ni, Zn.

2-nitroresoreinol ... _____________

8-hydroxyquinoline. _.._.____________
S-diphenylearbazide. _ ___

Dinitrodiphenylearbazide__
Resorcinnl
Dihydroxytartaric acid osazone.
1-amino-2-naphthol-4 sulfonic ac
Chloranilic acid.
Pierolonic acid._
Diphenylearbazone

a.
Ooz, Cu, Pb, Mg, Mn, Hg, Ni,
n,
Co, Cu, Pb, Ni,
Co, Cu, Ba, Fe, Pb, Hg, Zn,
Co, Cu.

0.
Co, Ph.
Co.

Thiosalieylicacid. . . ______
2,4-dinitro-l-naphthol __.____.
2-mercaptc-4-phenyl thiazole.
Piericacid._...______

Nitrosonaphthol. Co. .
Rubeanic acid. ____ Co, Cu, Ni,
3,5-dimethylpyrazole_ _______________ Co.
a-Nephthylamine dithiocarbamie | Cu, Fe.
acid.
Rhodanine ... ___._.____.________ Cu, Hg.
p-Dimethylamino benzylidene rho- | Cu, Fe, Mg, Hg.
danine.
Diphenylthiocarbazide_ _._._...______ Cu, Fe, Hg, Zn.
Dimsthylglyoxime___ --| Cu, Fe, N1.
Benzoine oxime._____ -| Cu.
Salicylaldoxime. ...__ _j Cu, Pb.
Benzidene. .. .| Cu, Ph, Mn
Benzotriazole .| Cu.
Alpha furil dioxime .| Cu.
Thionalide_..____._______ - .| Cu.
5-phenyithichydantoic acid . _________ Cu.
Sodium rhodizonate . ____________ Ba.
2,a"-Dipyridyl._______________ . Fe.
‘Triphenyl thiophosphate._ . __.______ Pb, Ni,
Gallogyanine_ —_..._____.____.____17- Ph.
Carminic aciG...__..____.___________ Pb.
D, p’-Tetramethyldiaminodiphenyl- Pb, Mn.
methans.
Qu ari Mg,
5-p ylaminophenylazo-8-hydroxy-{ Mg,
q line hydrochloride.
p-Nitrobenzeneazoresorcinol .. .._____| Mag.
Dicyandiamidine sulfate.____.

Potassium dithio oxalate._____
Anthranilic acid _ _
Diphenylbenzidene.
p-Ethoxychrysoidin
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Where the spot test reagent is itseif fusible
within the range of about 60-120° C., it is not
essential that the metal ion be present in a
fusible compound. For example, 2-nitroresor-
cinol melts at 83-85° C., and 8-hydroxyquinoline
melts at 75-76° C. In most cases, however, it is
desirable to employ g fusible salt of the poly-
valent metal; and we much prefer soaps of these
metals and long-chain fatty acids, e. g. stearie,
palmitic, or myristic acid, as previously de-
seribed.

The reactive solid components are conveniently
applied to paper or other supporting structure
as a dispersion in a solution of a bonding agent
in a suitable volatile vehicle, as disclosed in the
above examples. The bonding agent assists in
retaining the reactants on the surface of the
support. However, other methods of applying
the reactants to the supporting surface and of
maintaining them in proper relationship thereon
may alternatively he employed. For exampie, a
polymerizable monomer may be substituted for
the solution of bonding agent; after application,
the moncmer may be polymerized in situ to form
a binder film. The powdered reactants may be
dispersed within, or on the surface of, a fibrous
web or other supporting structure in the substan-~
tial absence of any added bonding agent. Addi-
tionally, the use of a film-forming bonding agent,
such for example as the “Pliolite” of Example 1
as a self-supporting film as well as a binder and
carrier for the reactive ingredients is also con-~
tempiated. In this type of product, the fAim-
forming composition containing the color-produc-
ing reactants may be coated and dried on a tem-
borary support, and the dry film subsequently
moved by stripping to provide an exceedingly thin
copying-paper.

Certain advantageous resulis may be obtained
by proper selection and proportioning of the hond-
ing agent as well as the reactants, and in our
preferred compositions we therefore contemplate
the use of a suitable inert bonding agent or com-
bination of bonding agents in significant propor-
tions. The degree of contrast obtainable with
our copying-paper is readily controlled, for ex-
ample, by suitably proportioning the relative
amounts of binder and of reactants. Thus, in-
creased contrast has been obtained by increasing
the percentage of binder, and thereby presumahbly
increasing the distance and the amount of non-
reactive material between or around the indi-
vidual particles of reactants. Conversely, a re-
duction in the percentage of bonding agent
duces the contrast and increases the detail ob-
tainable in the resultant copy.

Changes in the particle size and shape of any
one or all of the reactant materials, and in the
relative amounts of the individual reactants, wiil
also have some effect on the results obtained.
Stoichiometrie relationships between reactants
may be determined in many cases, but are not
necessarily most advantageous. The proportions
shown in the specific examples of the particular
reactants therein disclosed have been found to
produce good results, and may be used as a guide
for the proper proportioning of other reactants ;
but many variations will be found to produce
acceptable products and are here contemplated.
Where desired, various inert materials, such for
example as pigments cor the like, may be added
to the sensitizing compositions of our invention.
Additional surface coatings, e. g. of film-forming
materials, may be applied as protective or mask-

re-
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ré~



5,888,656

ing layers, 6f to impart desirable color, or for
other purposes. ‘Other modifications will be ap-
parent.

In order to assure a elear understanding of the
structure of our novel product and the manner
in which it may be utilized, €. g. in the copying of
printed matter, reference is made o the accom~
panying drawing, in which:

Tigure 1 is a conventionalized and enlarged
cross-section of one example of a suitable heat-
sensitive coating on a supporting member;

Figures 2, 3, and 4 are perspective views {(par-
tially cut away) of three different arrangements
of a printed surface in retation to the coated sur-
face of the copying paper in obtaining facsimile
reproductions of printed or other graphic matter
on the heat-sensitive coated copying-papers of
this invention; and

Figure 5 is & disgrammatic, sectional view of
one example of structure, including a suitable
source of radiant energy, that may be employed
for copying printed sheet material.

Tn Figure 1, a heat-sensitive layer 19, corisist~
jng of two finely-divided reactant materials 11
and 12, the individual solid particles of which
are contained within « binder material i3, is
supported on a supporting member 1§.

Tn Figure 2, a transparent ‘hegt-sensitive copy-
ing-paper {5, consisting of @ heat-sensitive igyer
6 on a thin transparent backing 48 ooth shewn
in eut-away section) is placed geainst o priated
page 1T, with the uncoated surface of the trans-
parent backing 16 in contact with the primted
characters 18 of which a facsimile cop¥ is desired.
The {ransparent backing 46 of Figure 2 is a spe-
cific member of the class mere generically repre-
sented in Figure 1 by supporting member i4. On
exposure of the composite to intense Hlumination,
a5 herein elsewhere explained, and in fThis case
with the transparent heat-sensitive sheet 15 peing
between the source of light and the printed sur-
face, a differential darkening, -or other visible
change, indicated by -darkened area g, is rapidly
obtained in the heat-sensitive layer 1%, corre-
sponding to the ‘printed -character 18 tlherebelow.

The finished print. cbtained by the procedure
cutlined above in connection with Figure 2 is i
rectly readable from: the surface carrying the
heat-sensitive layer. Transparency of the sheet
material 15 to visible Hght Is therefore not essen-
tial for subsequent reading of the ecopy phtained.

-Consequently the requirement of iransparency
here refers to the ability of the sheeb to. pass
radiant energy of the wave-length employed: i
the copying process. The use of visible Heht
thus imposes the reguirement of “yisible trams-
parency,” as manifested; for example, in the con-
struction embodying condenser-tissue and de-
scribed under Exampler 1. With other wave-
lengths, e. g. inthe:high-energy infra-red region,
sheet material which is transparent to the infra-
red but which may appear transiycent’ or even:
opague to-the eye may be used and is here €on-
templated.

1Tn Figure 3, the: heat-sensitive layer {8 of the
(visibly) = transparent heat-sensitive cLopying~
paper 18 is placed direetly in -contact with' the
printed characteys 18 of the printed page 1%
Wigh intensity radiation directed against the
transparent baeking 1§ results ina visible change,
in the sensitive: layer 40 corresponding to the
printed characters: 18, indicated by the darkened
ares. 19 (partially concealed inthe drawing).. ‘The
resulting copy is a direct facsimiie of the printed:
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original when viewed through the visibly trons-
parent backing {§.

in Figure 4, the heat-sensitive coating {8 is
disposed, as shown in cut-away section, 01 &
supporting member {#, which may be either
transparent, transluceni or opaque, Hul which
should be at least reasonably non-conductive 1o
heat. A thin opagque printed page 28, which may
or may not earry printed characters on the under
side, hut which has printed characters i8, of
which = copy is desired, on the outer side, is
placed against the sensitive layer {8. Proper
srradiation. of the outer printed side of the
printed page 23 results in the formation of a
visible facsimile copy or darkened area {8, on the
sensitive layer 48, corresponding to the printed
characters {8, with no undesirable blurring or
“ghost-image” formation being pbtained from
any similar printed characters which may be
present on the under side of the page 28.

in Figure 5, which illustrates in cross-section
gne means by which reproductions of printed
matter iy convenientiy be made according to
the prircipies set forth in connection with Fig-
ure 2, an elsctrisally-activated high-intensity
scurce of useful radiation such as light rays 23,
comprising an incandescent line filament 24 in
transparent evacuated envelope 22, is shown
supported within a movable trough-like reflector
24 of elliptical cross-section. Filament 21 is
1oeated at one focal line of the elliptical refléctor;
consequently light rays 23, emanating thereirom,
are focused at the other focal iine, which is
caused to coincide with the printed surface of
printed page 11, carrying printed or other
graphic characters {8 of which a facsirnile copy
is desived.

Page 17 vests on the uncoated surface of a
sheet of transparent heat-semsitive copying-
paper 15, consisting of a transparent backing {8
and a heat-sensitive coating 19. The copying-
paper rests on & transparent heat-insulating
shest material 25, which may be an opsi-mesh
sereen such as silk bolting-cloth, and this screen
in turn rests on a transparent support 28, which
may be a glass plate, preferably of heat-resistant
glass. (Where support 26 is inherently suffi-
ciently heat-non-conductive or is suitably rough-
ened or otherwise treated at the surface so as
{0 present a non-conductive surface to the copy-
ing-paper i8§, the separate thickness of insula-
tion 2% may be eliminated.) The copy-paper {5
and page i1 are held in close and heat~conduc~
tive contact by means of a heat-insulating cover
27, which may be & wooden cover, as shown in
Figure 5, or may be constructed of any other
suitable material inecluding o soft and fexible
material such as a pneumatic or hydraulic pres-
sure-bag. If desired, the cover 21, and the un-

. derlying printed page 1%, may be maintained at

any desired temperature below the printing tem-

erature of the copying-paper (5, by suitabie
temperature control means. ‘The eilliptical re-
flector 24, with its enclosed light source, is mov-
akle across the surface of the thermographie
assembly, as indicated by the double arrow 28,
by suitable means (not shown), in a plane such
that the light rays 23 are continuously focused at-
the printed surface of the printed page 4i. The
rate of movement of the reflector assembly is
adjustable, to compensate for differences in the
thickness and heat conductivity of the pageto be
copied, here shown as printed page 7, and also
to compensate for differences in the sensitivity
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of the temperature-sensitive layer 10, the inten-
sity of light output, and various other factors.

For rapid copying of text-book pages, letters,
or the like with the apparatus of Figure 5, it has
been found convenient to use a 2000-watt coiled
tungsten line-filament incandescent lamp, 10
inches long, with “Pyrex” glass envelope, mount-
ed in an eliiptical refiector 24. The resulting
ccncentration of radiation is of such high in-
tensity as to cause charring or burning if allowed
to remain focused on the same section of paper
for more than about one second. With this light
source, and with temperature-sensitive copying-
paper such as that described under the various
examples, clear unfogged facsimiles may be ob-
tained. Many other sources of radiation, in-
cluding ordinary high-intensity incandescent
lamps, photoflash lamps, electric arc, infra-red
lamps, concentrated sunlight, etc., have been
found to be effective, although of more restricted
commercial utility, in various thermographic
assemblies using our heat-sensitive copying-
papers. :

Many modifications, both in preparing the re-
active compositions and the coated materials,
and in utilizing the products in the direct repro-
duction of graphic subject-matter, have been de-
scribed. While the importance of each of these
and other modifications in the commercial ap-
plication of the prineciples involved will become
obvious in view of the foregoing description, it
will be even more apparent that the underlying
principle, on which the novel phenomena herein
presented are based, remains the same in all of
the applications and modifications thereof. This
principle involves the selection and blending of
two or more solid reactants in such a manner
that the reactants are prevented from combin-
ing or reacting with each other until the blend
is heated to or above a predetermined range of
temperature. When such a temperature is
reached, however, the reactants are enabled rap-
idly to combine or react, whereupon there is pro-
duced a visible indication of such action, e. g. a
color change. While the action thus obtained is
of value under a wide variety of conditions, it
has been shown to be particularly valuable in
making available, as a new article of manufac-
ture, a heat-sensitive copying-paper suitable for
the preparation of visible light-stable copies of
graphic subject-matter by methods involving only
the exposure of such matter to intense irradia-
tion while in heat-conductive relationship with
the heat-sensitive material.

Having now described our invention in terms
of specific examples and embodiments, but with-
out intent to be limited thereto, what we claim
is as follows:

1. A heat-sensitive copying-sheet for making
direct, high contrast, clear detail copies of graph-~
ic subject-matter as herein described, said copy-
ing-sheet being non-sticking at 120° C., being
stable at normal room and storage temperature,
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and being rapidly and permanently visibly
changed when heated from room temperature to
120° C.; said copying-sheet comprising a support
having low thermal conductivity, and a heat-
sensitive layer firmly bonded thereto and con-
taining a plurality of stable ionizable dissociable
normally solid reactant materials including at
least one electron donor component and at least
one electron acceptor component disposed in
contiguity with each other in said layer, at least
one of said components being fusible at a tem-
perature within the range of about 60-120° C.
and being present in an amount such that on
fusion and reaction with other components a
visible change is produced in the heat-sensitive
layer, said components being maintained in phys-
ically distinet and chemically inter-reactive rela-
tionship in said layer at normal room and storage
temperatures, and said components being so se-
lected as to be inter-reactive in a direct ion-
exchange electron aceceptor-donor chemical re-
action at room temperature in a mutual solvent
capable of permitting ionization of said compo-
nents and with the formation of a stable, visibly
distinet, highly polarized compound which is less
dissociable than either of said components; and
said reactant materials being further character-
ized in that an electron acceptor component is
an ionizable corapound of an anion and a poly-
valent metal cation, and an electron donor com-
ponent is an ionizable organic chelating agent.

2. A heat-sensitive copying-sheet according to
claim 1 in which the heat-sensitive layer con-
tains the reactant materials in the form of a mul-
titude of closely spaced particles uniformly dis-
persed in a film-forming binder non-fusing at
temperatures below about 120° C.

3. The heat-sensitive copying-sheet of claim 1
in which the polyvalent metal compound melts
at a temperature within the range of about
60-120° C. and is a polyvalent soap of a fatty
acid.

4. The heat-sensitive copying-sheet of claim 2
in which the polyvalent metal compound melts
at a temperature within the range of about
60-120° C. and is a polyvalent soap of a fatty
acid.

5. The heat-sensitive copying-sheet of claim 4
in which the organic chelating agent is an oxime.

6. The heat-sensitive copying-sheet of claim 4
in which the organic chelating agent is a carba-
zone.

7. The heat-sensitive copying-sheet of claim 4
izlil which the organie chelating agent is a carba-

de.

CARL S. MILLER.
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