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1

This invention is concerned with duplicator
sheet reaterial or copying-papsr useful in pre-
paring 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
a novel type, and methods of utilizing such ma-
terials in preparing duplicate copies of printed
or other graphic subject-matter by simple ex-
posure to high intensity irradiation and without
subsequent developing or fixing operations.

This application is a continuation-in-part of
our copending application Serial No. 747,339,
filed May 10, 1847, )

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
require various processing steps, in addition to
the initial controlled exposure, for the production
of visible light-stable copies.

Our 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
before and after printing. Nevertheless, radiant
enerzy may be employed as the sole agency for
the production of visible light-stable and per-
manent 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 enakled o

achieve this result, e. g. in the preparation of 3

copiss 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 such printed surface, and the
utilization of this elevated-temperature pattern
in the development of a facsimile copy of the
graphic subject-matiter on the heat-sensitive
copying-paper,

Formulas may be found in the prior ari for
various heat-sensitive paints, coated sheet mate-
rials, and the like, All such products of which
we are aware exhibit one or more significant
deficiencies when compared with our novel heat-
sensitive composition and coated products. They
may e sensitive to light as well as heat. They
may require an exiremely high temperature, or
a relatively long time at a specific temperature,
or heating over a wide range of temperature, to
produce a visibla change of sufficient intensity.
The change obtained at elevated temperatures
may he reversible on cooling, i. e. the product ex-
hibits thermotropy. 'These and other deficiencies
of prior art materials are avoided by the use of
our novel compositions and products, particularly
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in connection with the copying of printed matter
such as books, drawings or diagrams, pictures,
ete. by means of our novel copying-paper herein
caseris and ilustrated

he heat-sensitive compositions of our inyven-
tion are comprised of solid icnizabls reactants
which are potentially chemically capable of ir-
eversibly and rapidly reacti g ab normal room
emperature in o ¢direct ion-exchange clectron
ceeptor-donor chemical reastion to produce a
visibly different reaction vroduct, but which are
normally maintained in physically gistinct rala-
tionship and physically preventes from S0 react-
ing. The structure is so designed that sn in-
crease in temperature to a predstermined level
allows the reactisa to take place. The reaction
i believed to ke initiated by the melting, or sof-
fening, or other physical change, of one or more
of the reactive substances. Whatever whe
ciiic phyzical changs eimployed, the applicasion
of heat resulis in an immediate reaction of the
reactants angd formation of 2 colored, cpagque, or
otherwise visibly different reaction product.

The rapid rate of reacsion obtainable by this
means is particularly advantageous where the
reaciive material in sheet form is to be d
weat-sensitive copying-paper. For the most ef-
festive reproduction of drawings or the liks con-
taining fine lines as well as massive dark areas,
a high contrasg number, a8 hereinafier defined,
must be oblained when the shee: is heated
through a narrow range of temperature not
greater than about 20° C. ang preferably about
§° C., within a period of time not greater than

ne second, and preferably within aboub one-
tenth of a second, in crder %o obigin desirable
contrast and detail.

‘Where these limitaticns ave egxceeded, the re-
productions oktained may be blurred, ‘4
or otherwise of poor quality. 3
heat-sensitive sheet mater:al which oy
& Wide range of temperaturs, e. g. wiich provides
a contrast number of 0.2 when neated to 70° .
but does not reach a contrast number of .8 until
heated to 1i0° C., will ordinarily not produce a
pbrint having good contrast between light and
dGark areas.

A convenient method of determining i
reaction as well as the required e perat 0
activation for a particuiar COpying-papsr invelves
placing porvions of the sheat agai
metal suriacss each at g
temperature, and for various i
Cur preferred copying-papers, whe
show a reacsion from the original s
intensity or cpacity equivalent o g conira
ber of at least about 6.4, and breferably abous §
when heated at 3he required temuverature I
and within a tempersturs rangs of not more than
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3
about 20° C., and within a contact time of not
more than about one-tenth second.

In determining the contract number of a copy-
ing-paper, suitably exposed samples having
printed (darkened) and unprinted (undarkensd)
areas are held against a flat magnesiuin car-
bonate block (a “standard magnesium carbonate
surface” as defined in the paint industry). A
peam of white light (north exposure daylight) is
directed against the outer surface of the sample
at an angle of 45°, and the intensity of the light
reflected normal to the suriace is measured by
means of a suitable photometer. The contrast
number is defined as the following ratio

Iu,—14
I,
where I represents intensity, and subscripts
and d refer to measurements made over the un-
darkened area and darkened area, respectively.

The following examples of specific compositions
and structures will serve more clearly to point
out and explain the novel concept here involved,
but are not to be construed as limitative.

Example 1

One pound of nickel acetate (tetrahydrate)
was dispersed in one liter of anhydrous butyl
acetate by grinding in a ball mill. Similarly, one

pound of calcium sulfide was ground into one g

liter of anhydrous butyl acetate. A 309 solution
of Y% second nitrocellulose in butyl acetate and
benzol was used as the binder. The three com-
ponents were proportioned as foliows:

Volumes
Nickel acetate dispersion oo 25
Calcium sulfide dispersion o oo oemeeeem o 5
Binder 30

This mixture was applied in a thin layer to

various supporting surfaces, e. &. cellophane or
celluiose acetate film, paper, wood, leather, ete.,
and dried at room temperature. The dried film
was faintly greenish-white in appearance. When
heated, the film rapidly became intensely black
and opaque.

The reactive ingredients of Example 1 are
found to be inter-reactive under proper conditions
at normal room temperature, with the production
of a dark-colored and opagque reaction preduct.
For example, the addition of a small amount of
water to a mixture of nickel acetate and caleitm
sulfide in powder form initiates the reaction be-
tween the two compounds. It is believed that
the reaction obtained in the coated sheet material
is dque to the increased vapor pressure, at an ele-
vated temperature, of the water present in the
hydrated salt, and/or the melting of the hydrous
salt to a fluid state, resulting in a reactive
mingling of the nickel compound and the sulfide.

Ezxzample 2

sStrontium sulfide and nickel acetate tetrahy-
drate were ground up in a 21% solution of b~
second nitrocellulose in butyl acetate, in the ratio
of one gram each of insoluble strontium sulfide
and nickel acetate tetrahydrate particles to thres
milliliters of nitrocellulose solution. The mizturse
was coated on cellophane and dried at room tem-
perature. The sheet was light gray in color,
changing to an intense black when briefly heated
to 115° C. It could be used as & heat-sensitive
copying-sheet by methods deseribed herein, pro~
ducing copies of good contrast and detail.

Barium sulfide and nickel acetate tetrahydrate
produce similay results. In a specific formula-
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tion, 20 ml. of a dispersion of one pound of the
nickel acetate in 10600 ml. of butyl acetate, 50 ml
of a 28% nitrocellulose solution in butyl acebate,
and 10 ml. of a dispersion of one pound of barium
sulfide in 1000 ml. of bubyl acetate were mixed
and coated on paper, and dried at room temper-
ature. A protective surface sizing of a 150% solit-
tion of nitrocellulose in butyl acetate was applisd
over the heat-sensitive coating and dried. The
finished copying-sheet was light yellowish green
in color, and produced darik-colored brown-black
copies when used as a heat-sensitive copying-

"paper by methods above indicated. Tested on 2

metal test block, the visible reaction was found
to oceur at approximately 93-105° C.

Other film-forming cellulose derivatives, as
well as various non-cellulosic binders such a8
polyvinyl butyral, rubber, polyvinyl acetate, b=
ber hydrochloride and the like, may be substi-
tuted for the specific binder above mentioned,
provided the volatile sclvents required for such
binders are at the same time non-solvents for,
and non-reactive with the particulate solid com-~
ponents. s
Example 3

Another combination of heavy metal salt and
alkaline earth metal sulfide which has produced
useful copies when employed in structures such
as that of Examples 1 and 2 contains soli¢ par-
ticles of nickel stearate and barium sulfide in 2
nitrocellulose binder. The nickel stearate, pre-
pared by precipitation from a mixture of agueous
solutiocns of nickel acetate and the sodium salt
of commercial stearic acid, is a wazy solid at tem-
peratures helow 60° C., and liquid at 120° C. The
coated and dried shest was dipped intc a 4:1
blend of naphtha and mineral oil and again
dried; the residual mineral oil improved the heai-
conductivity properties of the sheei. On a metal
test block, the sheet changed rapidly from light
vellow to dark brown at akout 113° C,, and could
be used in making effective facsimile copies of
typewritten letters and the like by the methods
herein described.

Ezxample 4

The reaction of Example 3 can be obtained
at a lower temperature by incorporating in the
heat-sensitive film a small proportion of a fres
organic acid. - The following combinations of
reactants, suspended in particulate form in a 5%
solution of crepe rubber in heptane, coated on
flax paper, and dried at room temperatures, were
each effective as heat-sensitive copying-papers
and produced the indicated color change at the
temperature specified. ~

1. Nickel palmitate-barium sulfide-stearic acid;
changed from light green to intense black
at 85° C. Caleium sulfide produced a light
gray sheet with otherwise identical proper-
ties.

2. Nickel palmitate-barium sulfide-palmitic acid;
ghanged from light gray to infense black gt

0° C.

3. Nickel caprylate-calcium sulfide-stearie acid;
changed from gray to intense black at 60° C.
Crotonic acid in place of stearic acid raised
the conversion temperature to 72° C.

Many other compounds in addition to the sev-
eral materials previously enumerated have addi-
tionally been found to produce adequate color
differences when combined as closely spaced par-
ticles in a film-forming binder as described in
the above examples. Cobalt and lead salts are,
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for example, equally as effective as the salts of
dickel. Balis of silver, mercury, copper and iron
are useful but less desirable, silver and mereury
salts showing a tendency to darken on exposure
of the paper to sunlight and copper and iron
salts being initially undesirably dark in color
and henoce providing less contrast in the resulting
copy. Coloriess or lightly colored sulfides such as
zine gulfide, cadmium sulfide, and magnesium
suliide are effective in formulations such as those
of Example 4 and for such purposes may be con-
sidered fully eguivalent to the alkaline esrth
metal sulfides specified in that example.

The mixture of veactive solid components is
conveniently applied to paper or other support-
ing 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 reactanis on the
surface of the support. However, other methods
of applying the reactants to the suppor ing sur-
face and of maintaining them in proper relation-
ship thereon may alternatively he employed. For
example, a pelymerizable monomer may be sub-
stituted for the solusion of bonding agent; after
application, the monomer may be polymerized in
situ to form a binder film. The powdered re-
actants may be dispersed within, or on the gur-
face of, a fibrous web or other supporiing struc-
ture in the substantisl absence of any added
bonding agent. Additionally, the use of a flm-
forming bonding agent, such for ex mple as the
nitroceliulose of FExample 1, as a seli-supporting
film as well as a binder and earrier for the re-
active ingredients is also contemplated. In this
type of product, the film-forming composition
containing the color-producing reastants may be
coated and dried on a temporary support, and
the dry film subsequently removed by stripping to
brovide an exceedingly thin copying-paper.

Certain advantageous results may be obtained
by proper selection and proporticning of the bond-
ing agent as well as the reactants, and in our
preferred compositions we therefore contemplate
the use of a suitable inert honding ageunt 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 increas-
ing the percentage of binder, and thereby pre-
sumably increasing the distance and the amount
of non-reactive material between or around ihe
individual particles of reactants. Conversely, a
reduction in the perceniage of bonding agent re~
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, will
also have some effect on the results obtained.

Stoichiometric relationships between reactants

may be determined, but are not necessarily most
advantageous. The proportions of specific re-
actants shown in many of the specific examples
will be found to yield useful results, bub wide
variations from these proporfions may greatly
Improve the depth of color, or the contrasty, or
the detail, or other desired property in the case
of other reactants, other proportions of the same
or other binders, or other combinations of these
several factors.

Where desired, various inert materials, such for
example as pigments or the like, may be added
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to the sensitizing compositions of our invention.
Additional surface coatings, e. g. of film-forming
materials, may be applied as protective layers,
or to impart desirable color, or for other pur-
poses. Other modifications will be apparent.

In order to assure a clear understanding of the
structure of our novel product and the manner
in which it may be utilized, e. g. in the copying
of printed matter, reference is made to the ac-
companying drawing, in which:

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

Pigures 2, 3 and 4 are perspective views (par-
tially cut away) of three different arrangements
of a printed surface in relation to the coated
surface of the copying-paper in obtaining fac-
simile reproductions of printed or other graphic
matter on the heat-sensitive coated copying-

papers of this invention; and

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

In Figure 1, a heat-sensitive layer i§, consist-
ing of two finely-divided reactant materials {1
and 12, the individual solid particles of which
are contained within a binder material 13, is
supperted on a supporting member 4.

In Pigure 2, & transparent heat-sensitive copy-
ing-paper {5, consisting of & heat-sensitiva layer
i3 on a thin transparent backing {5 (both shown
in cut-away secticn) is placed against a printed
page {1, with the uncoated surface of the trans-
parent backing 18 in coniact with the printed
characters 18 of which 2 facsimile copy is de-
sived. The transpavent backing i§ of Figure 2
is a specific member of the class more generically
represented in Figure 1 by supporting member §4.
On exposure of the composite to intense illumi-
nation, as herein elsewhere explained, and in
this case with the transparen heat-sensitive
sheet {5 being between the source of light and
the printed surface, g differential darkening, or
other visible change, indieated Py darkened area
18, is rapidly obtained in the heat-sensitive layar
{8, corresponding to the printed character 18
therebelow.

The finished print obtained by the procedure
cutlined above in connection with Figure 2 is
directly readable from the surface carrying the
heat-sensitive layer. Transparency of the sheet
material {5 to visible light is therefore not es-
sential for subsequent reading of the copy ob-
tained. Consequently the reguirement of trans-
barency here vefers to the ability of the sheet
b0 pass radiant energy of the wavelength em-
ployed in the copying process. The use of visible
light thus imposes the requirement of “visible
transparency,” as manifested, for example, in
the coustruction embodying cellophane and de-
scribed under Example 1. With obther wave-
lengths, . 2. in the high-energy infra-reg region,
sheet material which is transparent to the infra-
red but which may appear transiucent or even
opague to the eye may be used and ig here con-
templated,

In Figure 3, the heat-sengitive layer {4 of the
(visibly) transparent hesat-sensitive copying-pa-~
per 15 is placed directly in contact with the

rinted characters i8 of tha printed page {1.
High intensity radiation directed against the
transparent backing {8 resultsin a visible changs,
in the sensitive layer 18, corresponding to the
printed characters i¢, indicated by the dark-
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ened area {8, (partially concealed in the draw-
ing). The resuiting copy is a direct facsimile of
the printed original when viewed threugh the
visibly transparent backing {8. ’

In wWigure 4, the heab-seusitive coating {3 is
disposed, as shown in cut-away section, on a sup-
porting member {4, which may be either trans-
parent, translucent or opagque, but which should
be at least reasonably non-conduective to heat.
A thin opaque printed page 28, which may or
may nob carry wrinted characters on the under
side, but which has printed characters {8, of
which &« copy is dsgired, on the outer side, is
placed against the sensitive layer 8. Proper
irradiation of the outer printed side of the print-~
ed page 29 rasults in the formation of a visible
faesimile copy or darksned area 18, on the sen-
sitive laysr 14, corresponding to the prinfed
choracters 12, with no undesirable blurring or
“shost-image” formaticn being obtained from
any similar printed characters which may be
present on the under side of the page 28.

in Figure 5, which iliustrates in cross-section
one means by which reproductions of printed
matter may conveniently be made according to
the principles seb forth in connecticn with Figure
2, an electricaily-activaied high~intensity source
of useful radiation such as light rays 23, com-
prising an incandescent line filament 214 in trans-
parent evacuated envelope 22, is shown support-
ed within a movable trough-like reflector 24 of
elliptical cross-section. Filament 2( is located
at one focal line of the elliptical reflsctor; con-
sequently light rays 23, emanating therefrom, ars
focused at the other focal line, which is caused
to coincide with the printed surface of printed
page 17, carrying printed or other graphic char-
aciers {8 of which a facsimile gopy is desired.

Page 17 rests on the uncoated surface of a
sheet of ftransparsnt heat-sensitive copying-
paper £§, consisting of a transparent backing §8
and g heat-sensitive coating #8. The copying-
paper resis on o transparent heat-insulating
sheet material 28, which may be an open-mesh
screen such as silk bolting-cloth, and this screen
in turn rests on 2 iransparent support 25, which
may be z glass plate, preferably of heat-resistant
glass. (Where support 25 is inherently suifii-
ciently heat-non-conductive or is suitably rough-
ened or otherwise treated at the surface so as
t0 present a non-conductive surface to the copy-
ing-paper 5, the separate thickuness of insu-
lation 25 may be climinated.) The copy-paper
{5 and vags 17 are held in close and heat-con-
ductive contact by means of a heat-insulating
cover 21, which may be a wooden cover, as showit
in Figure &, or may he constructed of any other
suitable material including a soft and flexibie
material such as a pneumatic or hydraulic pres-
sure-bag. If desired, the cover 2%, and the under-
lying printed page i1, may be maintained ai any
desired temperature below the printing tempera-
ture of the copying-paper {8, by suitable tem-
perature conirol means. The elliptical rveflector
24, with its enclosed light source, is movable
across the surface of the thermographic assem-
bly, as indicated by the double arrow 28, by suit~
able means (not shown), in a plane such that the
light rays 2% are continuously focused at the
printed surface of the printed page {71. The rate
of movement of the reflector assembly is ad-
justable, to compensate for differences in the
thickness and heat conductivity of the page to
be copied, here shown as printed page {7, and
also to compensaie for differences in the sensi~
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tivity of the temperature-sensitive layer 18, the
intensity of light output, and various other
factors.

For rapid copying of text-bock pages, leiters,
or the like with the apparatus of Figure 5, it has
been found convenient to use a 2000-wati coiled
tungsten line-filament incandescent lamp, 19
inches long, with “Pyrex” glass envelope, mounted
in an elliptical reflector 24. The resulting con-
centration of radiation is of such high intensity
as to cause charring or burning if allowed to re-
main focused on the same section of paper for
more than about cne second. With this light
source, and with temperature-sensitive copying-
paper such as that described under the various
exampies, clear unfogged facsimiles may be ob-
tained. However, many other sources cf radia-
tion, including ordinary high-intensity incandes~
ceni lamps, photeflash lamps, electric are, infra-
red lamps, concentrated sunlight, ete., have been
found to be useful but commerecially less effective
in various thermographic assemblies using our
heat-gensitive 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-matier, have been de-
scribed. While the imiportance of each of these
ang other modifications in the commercial ap=
plication of the principles involved will become
chvious in view of the foregoing description, it
will be even more apparent that the underlying
vrinciple, 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 mocre solid reactants in such a manner
that the reactants are prevented firom combining
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
rapidly to combine or react, whereupon there is
produced a visible indication of such action, e. g.
a color change. While the action thus obtained
is of value under g wide variety of conditions, it
has been shown to be particulariy valuable in
making available, as a new article of manufac-
ture, & heat-sensitive copying-paper suitable for
the preparation of visible light-stable copies of
graphic subject-matier by methods involving
only the exposure of such matter to intense ir-
radiation 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
graphic subject-matbter as hierein described, said
copying-sheet comprising papser coated with a
heat-sensitive layer containing, unifermly dis-
persed in -a film-forining binder non-fusing at
temperatures below about 126° C., a muititude of
cleosely spaced solid particies of stable ionizable
dissociable matierials comprising a salt of a heavy
metal the sulfide of which is colored, and an alka-
line earth metal suliide, at least one of said
heavy metal saif and said alkaline earth metal
sulfide melling at o femperature within the
range of about §0-120° C, and being present in
an amount such that on fusion and reaction with
other maierials & visible change is produced in
the heat-sensitive layer, said materials being
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maintained in physically distinet and chemically
inter~-reactive relationship in said layer at nor-
mal room and storage temperatures, said mate-
rials bsing capahle of rapidly visibly reacting at
Normal roem teraperature in a diresct ion~-ax-
change slegtron asceptor-donor chemical re-
action in & mutual solvent capable of permitting
ionization of said matsricls and with the forma-
tion of a stable, visibly distinet, highly polarizes
compound which is less dissociable than either
of said materials, and said materials in said heat-
sensitive layer heing stable at temperatures less
than about 60° C. ang being rapidly visibly inter-
reacted when the copying-shest is heated to
120° C.

2. A heat-sensitive copying-sheet in accord-
ance with claim 1 and having over the heat-
sensitive laysr a thin transparent protective sur-
face sizing layer.

3. A heat-sensitive copying-sheet for making
direct, high contrast, clear detail copies of
graphic subject-matter as herein described, said
copying-sheet comprising a support having low
therma] conductivity, and a heat-sensitive layer
containing, uniformly dispersed in g, film-forming
binder non-fusing ai temperatures helow about
120° C., 2 multitude of closely spaced selig par-
ticles of stable ionizable dissociable materials
comprising g salt of a heavy metal the sulfide of

which is colored, and an alkaline earth metal 2

sulfide, at least one of said materials melting at
a temperature within the range of about 60-120°
C. and being present in an amount such that on
fusion ang reaction with other materials o visible
change is produced in the heat-sensitive layer,
said materials being maintained in physically
distinet and chemically inter-reactive relation-
ship in said layer at normal room and storage
temperatures, said materials being capable of
rapidly visibly reacting at normal room tempera-
ture in a direct ion-exchange electron acceptor-
denor chemical reaction in a mutual solvent
capable of permitting ionization of said materials
and with the formation of g stable, visibly dis-
tinet, highly polarized compound which is less
dissociable than either of said materials, and said
materials in said heat-sensitive layer being stable
at temperatures less than about 60° C. and being
rapidly visibly inter-reacted when the copying-
sheet is heated to 120° C.
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4. A heat-sensitive copying-sheet in accord-
ance with claim 3 in which the heavy metal salt
is a hydrated salt melting within the range of
about 60-120° C.

5. A heat-sensitive copying-sheet in accord-
ance with claim 4 in which the hydrated heavy
metal salt is nickel acetate tetrahydrate.

6. A heat-sensitive copying-sheet for making
direct, high contrast, clear detail copies of
graphic subject-matier as herein described, said -
copying-sheet comprising a support having low
thermal conductivity, and a heat-sensitive layer
containing, uniformly dispersed in a film-forming
vinder nen-fusing at temperatures below about
120° C., a multitude of closely spaced solid par-
ticles of stable ionizable dissociable materials
comprising (1) a salt of a heavy metal the sulfide
of which is colored, (2) an alkaline earth metal
sulfide, and (3) an organic acid melting at a tem-
berature within the range of about 60-120° C.,
sald materials being present in an amount such
that on heating and inter-reaction a visible
change is produced in the heat-sensitive layer,
s2id materials being maintained in physically
distinet and chemically inter-reactive relation-
ship in said layer at normal room and storage
temperatures, said materials being capable of
rapidly visibly reacting at normal room temperg-
ture in g direct ion-exchange electron acceptor-
donor chemical reaction in a mutual solvent
capable of permitting ionization of said materials
and with the formation of g stable, visibly dis-
tinet, highly polarized compound which is less
dissociable than either of said materials, and said
materials in said heat-sensitive layer being stable
2} temperatures less than about §0° C. and being
rapidly visibly inter-reacted when the copying-
sheet is heated to 120° C.

7. A heat-sensitive copying-sheet in accord-
ance with claim 6 in which the heavy metal salt
is a nickel salt of an organic acid.

CARL S. MILLER,
BRYCE I. CLARK.
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