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g 
This invention is concerned with duplicator The change obtained at elevated temperatures 

sheet material or copying-paper useful in prepar- may be reversible on cooling, i. e. the product ex 
ing copies of printed matter of the like, and with hibits thermotropy. These and other deficiencies 
compositions and methods related thereto. The of prior art materials are avoided by the use of 
invention particularly contemplates heat-sensi- our novel compositions and products, particularly 
tive coatings and coated sheet materials of a novel in connection with the copying of printed matter 
type, and methods of utilizing such materials in Such as books, drawings or diagrams, pictures, 
preparing duplicate copies of printed or other etc. by means of our novel copying-paper herein 
graphic subject-matter by simple exposure to described and illustrated. 
high intensity irradiation and without subsequent O The heat-sensitive compositions of our inven 
developing of fixing operations. tion are comprised of Solid ionizable reactants 
This application is a continuation-in-part of of which at least one is an electron donor com 

our copending application Serial No. 747,339, filed ponent and another an electron acceptor com 
May 10, 1947. ponent, which are potentially chemically capable 

Prior art copying-papers of which we are aware, 15 of irreversibly and rapidly reacting at normal 
which are subjected to exposure to visible light room temperature in a direction-exchange elec 
or similar forms of radiant energy in the prepara- tron acceptor-donor chemical reaction to produce 
tion of copies of graphic subject-matter, must be a visibly different reaction product, but which are 
protected from light before use, and require normally maintained in physically distinct rela 
various processing steps, in addition to the initial 20 tionship and physically prevented from so react 
controlled exposure, for the production of visible ing. The structure is so designed that an in 
light-stable copies. crease in temperature to a predetermined level 
Our new heat-sensitive copying-paper, on the allows the reaction to take place. The reaction 

contrary, is not itself affected by radiant energy is believed to be initiated by the melting, or sofen 
Such as Visible or ultra-violet light, and may 25 ing, or other physical change, of one or more of 
therefore be left exposed to such radiations both the reactive substances. Whatever the specific 
before and after printing. Nevertheless, radiant physical change employed, the application of 
energy may be employed as the sole agency for the heat results in an immediate reaction of the re 
production of visible light-stable and permanent actants and formation of a colored, opaque, or 
copies of graphic subject-matter on our novel otherwise visibly different reaction product. 
copying-paper, or on other surfaces carrying our The rapid rate of reaction obtainable by this 
novel heat-sensitive compositions, by processes means is particularly advantageous where the 
as hereinafter Set forth. reactive material in sheet form is to be used as a 
The processes by which we are enabled to heat-Sensitive copying-paper. For the most ef 

achieve this result, e. g. in the preparation of fective reproduction of drawings or the like con 
copies of the printed pages of books or the like, taining fine lines as well as massive dark areas, 
involve the irradiation of the printed surface, the a high contrast number, as hereinafter defined, 
resulant formation of an elevated-temperature must be obtained when the sheet is heated 
pattern Corresponding to the graphic Subject- through a narrow range of temperature not great 
matter of Such printed Surface, and the ultiliza- 49 er than about 20° C. and preferably about 5° C., 
tion of this elevated-temperature pattern in the Within a period of time not greater than one sec 
development of a facsimile copy of the graphic Ond, and preferably within about one-tenth of a 
Subject-matter on the heat-Sensitive copying- Second, in Order to obtain desirable contrast and 
papel. - detail. 

Formulas may be found in the prior art for Where these limitations are exceeded, the re 
various heat-sensitive paints, coated sheet ma- productions obtained may be blurred, “fuzzy,' or 
terials, and the like. All Such products of which otherwise of poor quality. For example, a heat 
We are aware exhibit one or more significant de- sensitive sheet material which darkens over a 
ficiencies when compared With our novel heat- wide range of temperature, e.g. which provides a 
sensitive compositions and coated products. They to contrast number of 0.2 when heated to 70° C. but 
may be sensitive to light as well as heat. They does not reach a contrast number of 0.8 until 
may require an extremely high temperature, or heated to 110 C., Will ordinarily not produce a 
a relatively long time at a Specific temperature, print having good contrast between light and 
or heating over a wide range of temperature, to dark areas. 
produce a visible change of sufficient intensity, 55. A convenient method of determining the rate 
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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 out 
controlled temperature, and for various intervals 
of time. Our preferred copying-papers, when SO 
tested, show a reaction from the original State to 
a color intensity or opacity equivalent to a con 
trast number of at least about 0.4, and preferably 
about 0.9, when heated at the required tempera 
ture level and within a temperature range of not 
more than about 20° C., and within a contact 
time of not more than about one-tenth Second. 
In determining the contrast number of a copy 

ing-paper, 
printed (darkened) and unprinted (undarkened) 
areas are held against a flat magnesium carbonate 
block (a 'standard magnesium Carbonate Sur 
face' as defined in the paint industry). A beam 
of white light (north exposure daylight) is di- : 
rected against the outer Surface of the Sample at 
an angle of 45°, and the intensity of the light re 
flected normal to the Surface is measured by 
means of a suitable photometer. The contrast 
number is defined as the following ratio. 

I.- Ia 
I. 

where I represents intensity, and subscripts at 
and d refer to measurements made over the an- 3 
darkened area, and darkened area, respectively. 
The following examples of Specific composi 

tions and structures will serve more clearly to 
point out and explain the novel concept here in 
volved, but are not to be construed as limitative. : 

EXAMPLE 

Reactant Al-To an aqueous solution of three 
mols of the sodium soap of commercial triple 
pressed stearic acid of melting-point approxi 
mately 53° C., and which supposedly contains a 
minor amount of other higher fatty acids, etc., 
add an aqueous solution of one mol of ferric Sul 
fate. Filter the precipitated ferric stearate, 
wash Separately with Water and alcohol, and dry 
at room temperature. 
or nets within the range of 70-95 C. Disperse 
500 grams of the powder in two liters of de 
natured ethyl alcohol, e.g. "Ponsolve,' by grind 
ing with flint pebbles in a ball mill. 
- Reactant B-Dissolve 1500 grams of hexa- " 
methylenetetramine in 12 liters of denatured al 
cohol ("Ponsolve') at 65° C.; with constant stir 
ring, add this Solution to a Solution of 2000 grams 
of pyrogallic acid in 4 liters of the alcohol, also 
at 65° C. A crystalline precipitate forms. Cool 
to room temperture, with constant stirring to 
avoid lumping. Recover and dry the precipitate, 
which should be in the form of a fine powder. 
Disperse 500 grams of this powder in One and 
One-half liters of denatured alcohol by ball mill 
ing as for reactant A. 

Reactant C.-DiSSolve 0 grams of Oxalic acid 
in 100 milliliters of ethyl alcohol. 

Binder.--Dissolve 150 grams of polyvinyl bu 
tyral in One liter of ethyl alcohol. 

Composition in liquid form. 
M1. 

Reactant A ------------------------------ 500 
Reactant B ------------------------------ 100 
Reactant C (optional) ------------------- 
Binder ---------------------------------- 200 
In mixing and temporarily maintaining the 

mixture of reactants A and B in a volatile ve 

suitably exposed samples having 

The Solid product Softens 

5 

0 

2 5 

3. 5 

5 

60 
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5 

4. 
hicle such as denatured ethyl alcohol, a slight 
discoloration may sometimes be noted. This is 
presumably due to solution of traces of one or 
both of the substantially insoluble reactants in 
the liquid vehicle and the resultant reaction of the 
dissolved materials to produce a dark-colored re 
action product. The presence of a trace of ox 
allic acid, which forms a complex with iron and 
consequently Inay be considered to render inac 
cessible any dissolved or previously reacted iron, 
discharges and/or prevents the formation of the 
slight discoloration thus otherwise produced. 
Citric acid, which likewise forms an iron conn 
plex, is also effective. In many cases the dis 
coloration produced, even in the absence of these 
modifying reactants, is so slight as not to be 
troublesome, particularly where adequate pre 
Cautions are taken in preparing and in applying 
the temperature-Sensitive conposition. 

Coated transparent sheet material 
The above liquid composition is uniformly 

Spread, aS by means of a Spreader bar or knife 
coater, over one surface of a thin transparent film 
of plasticized regenerated cellulose (cellophane) 
to a thickneSS of approximately 3 mils, and is 
allowed to dry at iroom temperature. The re 
Sulting Visibly transparent coated sheet product 
rapidly darkens when heated to or above about 
80° C., and is Suitable for use as a temperature 
Sensitive copying-paper. 
The darkening here obtained is thought to re 

Sult from a preliminary melting or softening of 
the ferric Stearate, making possible the mixing or 
co-dissolving of the two reactants and their re 
Sulting rapid reaction to form a dark-colored 
and Opaque reaction product, This may be in 
ferred from the fact that the darkening of the 
sheet is obtained on heating the copying-paper 
to a temperature closely approximating the melt-, 
ing or softening point of the particular ferric 
Soap used. A similar color change may be pro 
duced at room temperature by adding a suitable 
Solvent, e.g. benzol, to the otherwise non-react 
ing mixture of the two powders. 
This reaction and rapid color change does not 

take place on exposure of the mixture, or of the 
coated sheet material, to radiant energy such as 
visible or infra-red light in the absence of the 
required temperature increase. Some darken 
ing of the coated transparent sheet material as 
above prepared may be observed on prolonged 
exposure to light, and particularly to high inten 
sities of actinic radiation; but this is believed to 
be due to the effect of certain radiations in de 
composing One or both of the reactants separate 
ly, and may readily be prevented by applying a 
suitable filter over the temperature-sensitive 
coating. A thin surface coating of a mixture of 
3 grams of 4,4'-dihydroxy-benzalazine and 15 
grams of polyvinyl butyral, applies from solution 
in 85 grams of alcohol, provides an effective filter 
for this purpose. 

EXAMPLE 2 

To obtain a composition having improved aging 
characteristics and which Will react when heat 
ed to a Somewhat lower temperature, similarly 
prepared ferric myristate, rinade with commer 
cial myristic acid, is substituted for the ferric 
Stearate of Example 1, and a reaction product of 
hexamethylenetetrainine and gallic acid (a sub 
stituted trihydroxy benzene) is substituted for 
the pyrogallic acid product there described. 
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This second ingredient is prepared as follows: 
280 grams of hexamethylenetetramine are dis 
solved in one liter of water, and 188 grams of 
gallic acid are dissolved in one liter of ethyl al 
cohol. One volume of the first solution is mixed 
with two volumes of the second, and the result 
ing precipitate is then recovered and dried. It 
is ground into heptane, by means of a ball mill, 
to form a 25% dispersion. 

Ferric myristate softens and melts at Sone 
what lower temperatures than the stearate. 
Since the myristate is sonaewhat Soluble in alco 
hol, heptane is used as the liquid vehicle, which 
anecessitates the substitution, for the alcohol 
soluble but heptane-insoluble polyvinyl butyral, 
of a heptane-soluble binder. In a specific ex 
ample, natural rubber was used as the binder. 
Heptane is substantially a non-solvent for both 
ferric myristate and the reaction product of 
hexamethylenetetramine and gallic acid. There 
is ordinarilly no visible evidence of reaction of 
the two materials in freshly prepared mixtures 
in heptane, although reaction takes place rapidly 
at temperatures below that required for activa 
tion of the coated copying-paper, and usually at 
or even below normal room temperatures, as in 
the case of the reactants of Example 1, in the 
presence of a suitable solvent such as benzene. 
The final composition of the fluid mass prepared 
according to the above description and ready for 3 
coating is approximately as follows: 

Parts by weight 
Ferric myristate-------------------------- 100 
Hexamethylenetetramine-gallic acid reaction 
product -------------------------------- 25 

Rubber ---------------------------------- 25 
Heptane --------------------------------- 500 
This composition was coated on a thin paper, i.e. 
an unfilled fax paper of one mill thickness, such 
as is used for cigarette-paper. The mixture was 
applied by means of a knife-coater set to give a 
coating orifice of approximately 3 mills, and was 
dried at room temperature. The coated and at 
least partially impregnated sheet product was 
faintly tan in color and appeared semi-trans 
parent. On heating to about 70° C. it rapidly 
darkened and became opaque. Exposure to light 
alone had substantially no effect on the appeara 
ance of the unheated material, 

ing the Surface coating did not iraitiate the color 
developing reaction. 

For improved permanence, the rubber used as 
binder may be protected, as by the addition of 
suitable antioxidants or other age-resistors; or 
various synthetic polymers or resins may be sub 
stituted for natural rubber where their prop 
erties, e. g. color, permanence, etc., permit or 
encourage such Substitution. 

Aparticularly desirable copying-paper, capable 
of rapidly producing a high contrast ratio when 
heated within a range of only 5° C., was pro 
duced by employing the hexamethylene tetra 
mine-gallic acid reaction product in coniunction 
with ferric Stearate prepared from highly puri 
fied Stearic acid. 

EXAMPLE 3 

Ferric stearate in 5 times its weight of stearic 
acid was emulsified in a hot concentrated solution 
of glue in water. To the cooled solution was added 
a water Solution of tannic acid. The resulting 
well-mixed composition was coated on paper and 
dried at room temperature, The sheet was red 

Scribing or 
otherwise mechanically compacting or disrupt 

O 

5 

20 

2 5 

40 

5 5 

(6) 

65 

6 
dish-brown, but turned black when heated as in 
the preparation of copies of graphic subject 
matter by our novel method. 

EXAMPLE 4 
Ferric stearate was dispersed in acetone by ball 

milling as in the previous examples, and a pre 
formed solution of ethyl cellulose was added, to 
a final formula of approximately 12% ferrit 
stearate, 6% ethyl cellulose, and 82% acetone. 
The mixture was coated in a thin uniform layer 
on one mil condenser tissue, a thin, tough paper, 
and dried at room temperature. The weight of 
the dry coating of ferric stearate particles uni 
formly dispersed in ethyl cellulose was about 0.68 
gram per square foot of Surface. 

Gallic acid, which is a solid at normal room. 
temperature, Was dissolved in an acetOne Solution 
of ethyl cellulose, to a final formula of approxi 
mately 5% gallic acid, 9.5% ethyl cellulose, and 
85.5% acetone. This solution was coated in a 
thin layer over the dry ferric stearate-ethyl cellu 
lose layer, and the sheet again dried at room 
temperature. The dry weight of the second coat 
ing was about 0.05 gram per Square foot. 
The completed sheet material was useful as a 

copying-paper, showing high contrast and good 
detail in the copy. The ferric Stearate component 
softens or melts at 70-95 C., and at least the 
major portion of the color change in the copying 
sheet occurs over Substantially the same ten 
perature range. 

EXAMPLE: 5 

Fifty parts by weight of ferric stearate were 
dispersed in 1500 parts of acetone by ball mill 
ing. Separately, 100 parts of a phenolic resin 
were dispersed in 400 parts of acetone by similal 
procedure. The phenolic resin was a Solid heat 
advancing partial reaction product of para 
tertiary-butylphenol and formaldehyde, melting 
at 144-158° F (62-72° C.). Such a resin is solu 
ble in drying oils and aromatic hydrocarbons but 
insoluble in alcohols and only slightly soluble in 
acetone. 
TWO parts of the ferric stearate dispersion 

were mixed with one part of the resin dispersion, 
and the mixture was coated on thin paper and 
dried at room temperature. The resulting sheet 
material was useful as a heat-sensitive copying 
paper, but the heat-sensitive coating had a tend 
ency to stick to contacting Surfaces, particularly 
during the copying process. Substitution of a 
higher-melting heat-advancing phenolic resin for 
the resin hereinbefore described eliminates this 
tendency, resins melting above 120° C. providing 
fully non-sticking surfaces with, however, some 
reduction in contrast in the copy obtained. Stick 
ing is also readily avoided, and with no significant 
reduction in contrast, by incorporating small 
amounts of a film-forming binder, such as ethyl 
cellulose, in the mixture prior to coating. 
Other combinations of solid visibly inter-re 

active materials which have provided effective 
heat-sensitive copying-papers when coated on 
various paper or film backings in the form of 
dispersions in Solutions of film-forming binders 
include ferric stearate-triethyl sulfonium tan 
nate; ferric stearate-cadmium tannate; and fer 
ric stearate-ammonium salicylate. Ferric myris 
tate, ferric palmitate, and similar salts of other 
organic acids softening or melting at tempera 
tures within the range of about 60-120° C. may 
be substituted for the ferric stearate in these corn. positions. 
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... In these examples, the visible change obtained 
on activation of the coated material is the re 
sult of a combination between the iron of the 
ferric stearate or equivalent and the phenolic 
portion of pyrogallic or gallic acid, tannates, Sali 
cylates, or the like. A large number of other 
phenols which similarly provide colored reaction 
products with iron salt are listed by Wess and 
Brode in the Journal of the American Chemical 
Society, volume 56, at pages 1039 and 1040. 

EXAMPLE 6 
One pound of nickel acetate (tetrahydrate) 

was dispersed in one liter of anhydrous butyl 
acetate by grinding in a ball mill. Sinihilarly, one 
pound of calcium sulfide was ground into One 
liter of anhydrous butyl acetate. A 30% solu 
tion of A second nitrocellulose in butyl acetate 
and benzol was used as the binder. The three 
components were proportioned as follows: 

Volumes 
Nickel acetate dispersion ------------------- 20 
Calcium Sulfide dispersion ------------------ 5 
Binder ----------------------------------- 30 

This mixture was applied in a thin layer to 
various supporting surfaces, e. g. cellophane or 
cellulose acetate film, paper, wood, leather, etc., 
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 6 are 

found to be inter-reactive under proper condi 
tions at normal room temperature, with the pro 
duction of a dark-colored and opaque reaction 
product. For example, the addition of a small 
amount of water to a mixture of nickel acetate 
and calcium sulfide in powder form initiates the 
reaction between the two compounds. It is be-, 
lieved that the reaction obtained in the coated 
sheet material is due to the increased vapor pres 
Sure, at an elevated 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. - 

EXAMPLE 7 

Strontium sulfide and nickel acetate tetrahy 
drate were ground up in a 21% solution of 5-sec 
ond nitrocellulose in butyl acetate, in the ratio of 
‘One gram each of insoluble strontium sulfide and 
nickel acetate tetrahydrate particles to three 
milliliters of nitrocellulose Solution. The mix 
ture was coated on cellophane and dried at room 
temperature. The sheet was light gray in color, 
changing to an intense black when briefly heated 
to 115° C. It could be used as a heat-sensitive 
copying-sheet by methods described herein, pro 
ducing copies of good contrast and detail. 
Barium sulfide and nickel acetate tetrahydrate 

produce similar results. In a specific formula 
tion, 20 ml. of a dispersion of one pound of the 
nickel acetate in 1000 ml. of butyl acetate, 50 ml. 
of a 28% nitrocellulose Solution in butyl acetate, 
and 10 ml. of a dispersion of one pound of barium 
sulfide in 1000 ml. of butyl acetate were mixed and 
coated on paper, and dried at room temperature. 
A protective surface sizing of a 15% solution of 
nitrocellulose in butyl acetate was applied over 
the heat-Sensitive coating and dried. The fin 
ished copying-Sheet was light yellowish green 
in color, and produced dark-colored brown-black 
copies when used as a heat-sensitive copying 
paper by methods above indicated. Tested on a 
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nitrocellulose binder. 

8 
metal test block, the visible reaction was found 
to occur at approximately 93-105 C. 
Other film-forming cellulose derivatives, as 

well as various non-cellulosic binderS Such as 
polyvinyl butyral, rubber, polyvinyl acetate, rub 
ber hydrochloride and the like, may be substi 
tuted for the Specific binder above mentioned, 
provided the volatile solvents required for Such 
binders are at the same time non-solvents for, 
and non-reactive with the particulate Solid con 
ponentS. 

EXAMPLE 8 

... 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 6 and 7 contains solid parti 
cles of nickel stearate and barium sulfide in a 

The nickel stearate, pre 
pared by precipitation from a mixture of aqueous 
Solutions of nickel acetate and the sodium salt 
of Commercial Stearic acid, is a waxy solid at tem 
peratures below 60° C., and liquid at 120° C. The 
coated and dried sheet was dipped into a 4:1 
blend of naphtha, and mineral oil and again 
dried; the residual mineral oil improved the heat 
conductivity properties of the sheet. On a metal 
test block, the sheet changed rapidly from light 
yellow to dark brown at about 113° C.; it could 
be used in making effective facsimile copies of 
typewritten letters and the like by the methods 
herein described. 

EXAMPLE 9 

The reaction of Example 8 can be obtained at 
a lower temperature by incorporating in the heat 
sensitive in a small proportion of a free 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 effec 
tive as heat-sensitive copying-papers and pro 
duced the indicated color change at the tempera 
ture Specified. 

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

2. Nickel palmitate-barium Sulfide-palmitic 
acid; changed from light gray to intense black 
at 70° C. w 

3. Nickel caprylate - calcium sulfide-stearic 
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 

Several materials previously enumerated have 
additionally been found to produce adequate 
color differences when combined as closely spaced 
particles in a film-forming binder as described 
in the above Examples 6-9. Cobalt and lead 
Salts are, for example, equally as effective as the 
salts of nickel. Salts of silver, mercury, copper 
and iron are useful but less desirable, silver and 
mercury 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 hence providing less contrast in the 
resulting copy. Colorless or lightly colored sul 
fides such as zinc Sulfide, cadmium sulfide, and 
magnesiuin. Sulfide are effective in formulations 
Such as those of Example 9 and for such purposes 
may be considered fully equivalent to the alka 
line earth metal sulfides specified in that, ex 
ample. ". . . 
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EXAMPLE 10 

Commercial octadecyl amine was dissolved as 
the soluble hydrochloride by heating in water 
and adding hydrochloric acid until the oily ma 
terial was dissolved. To this was added a sat 
urated aqueous solution of potassium ferrocy 
anide. The yellowish precipitate of octadecyl 
ferrocyanide formed by this procedure was re 
covered, washed, dried, and dispersed in a nitro 
cellulose lacquer in a mixture of butyl acetate 
and toluene. Twice this amount of ferric stea 
rate, prepared as described in connection with 
Example 1, was separately dispersed in a por: 
tion of the lacquer. The nitrocellulose amount 
ed to about one-fourth the total Weight of the 
ferric stearate and the octadecyl ferrocyanide 
when the two dispersions were mixed. 
The mixture was coated on thin paper and 

dried at room temperature. The coated sheet 
was light gray, becoming dark blue When heated 
to about 80 C., and producing clear and distinct 
thermocopies of typewritten letters and the like. 
A somewhat similar product was prepared with 

dispersions, in an alcohol solution containing 
polyvinyl butyral binder and a small amount of 
benzoic acid, of ferric stearate and of the alco 
hol-insoluble reaction product of octyl amine 
and potassium ferricyanide. The dried coated 
sheet was light yellowish green in color, chang 
ing to an intense blue when heated to about 
90.9 G. 

EXAMPLE 11 
Lead myristate was prepared by adding an 

aqueous solution of lead acetate to an aqueous 
solution of the sodium soap of commercial my 
ristic acid. The washed and dried product was 
dispersed in three times its weight of heptane 
by ball milling with flint balls. A dispersion of 
s-diphenyl carbazide in four times its weight of heptane was separately similarly prepared. 
Twenty parts by weight of each dispersion we 
mixed together, and 5 parts of a 30% solution of 
rubber hydrochloride ("Pliolite”) 
mixture was coated on condenser-tissue and dried at room temperature. The dried sheet was 
white in appearance, quickly changing to Scarlet 
when heated to approximately 85-90°C. It was 
useful as a heat-sensitive copying-paper. 

EXAMPLE 12 
A dispersion was prepared, by ball milling, of 

100 parts by weight of cadmium stearate in 500 
parts of heptane. The cadmium stearate wa prepared by precipitation from a solution of the 
sodium soap of triple-pressed stearic acid. Sep. 
arately, a dispersion of 20 parts of diphenyl 
carbazone in 200 parts of heptane, and a solu 
tion of 10 parts of crepe rubber in 90 parts of 
heptane, were provided. The two dispersions 
and the solution were mixed in the weight ratio 
of 1:2:3 to provide a liquid mixture which was 
coated onto flax tissue and dried at room tem perature. The sheet was yellowish tan, rapidly 
changing to red at approximately 100° C., and 
served as a useful heat-sensitive copying-paper. 

EXAMPLE13 
Mercuric stearate was submitted for the cad 

mium stearate and S-diphenyl carbazine for the 
diphenyl carbazone of Example 12, the remain 
ing ingredients and the relative proportions re 
maining the same. The coated sheet was light 
gray, changing rapidly to purple when heated 
to approximately 90° C., and could be used to 
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10 
provide copies of printed matter by thermo 
copying methods herein described. 

EXAMPLE 14 
Cupric stearate replaced the cadmium stearate 

of Example 12 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 
leated to 75-85°C., and produced thermocopies 
having adequate contrast and detail. 

EXAMPLE 15 
Thirty parts by Weight of a dispersion of di 

phenyl carbazone 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 
then applied a further coating of a mixture of 
30 parts of a dispersion of zinc stearate in 5 
times its Weight of heptane, and 5 parts of the 
5% rubber solution. The coated and dried sheet 
appeared Snow White; it printed to a scarlet 
image at approximately 100° C. 
The reactions employed in Examples 11-15 will 

be recognized as typical color reactions for the 
detection of the particular polyvalent metal ion 
employed. Many other reactions having similar 
applications are well known, having been pub 
lished, for example, by Dr. F. Feigl in his book, 
Qualitative Analysis by Spot Tests.' The re 

actants selected must be solid at room tempera 
tures, must be visibly inter-reactive at room tem 
peratures when properly combined as by means of 
a mutual solvent, and at least one of the reactants 
must be fusible at a temperature within the range 
of about 60-120° C. The polyvalent metal ion 
is preferably introduced as the fusible salt of an 
organic acid, as shown in Examples 11-15; but 
other metallic compounds may be substituted 
Where a fusible organic spot-test reagent, such as 
2-nitroresorcinol (M. 83-85° C.) or 8-hydroxy 
quinoline (M. 75-76° C.), is to be used. Strong 
ly Colored, odorous, volatile, or light-sensitive re 
agents are generally undesirable but may be 
found useful for Special purposes, particularly 
When introduced in the inner layer of structures 
as described in Example 15. Methyl cellulose and 
polyvinyl butyral are examples of additional suit 
able binders. - 

The reactive solid components are convenient 
ly 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 sup 
port. However, other methods of applying the 
reactants to the Supporting surface and of main 
taining them in proper relationship thereon may 
alternatively be employed. For example, a poly 
merizable monomer may be substituted for the 
solution of bonding agent; after application, the 
monomer may be polymerized in situ to form a 
binder film. The powdered reactants may be dis 
persed within, or on the surface of, a fibrous web 
or other supporting structure in the substantial 
absence of any added bonding agent. Addition 
ally, the use of a film-forming bonding agent, 
Such for example as the nitrocellulose of Example 
10 or other equivalent transparent film-forming 
binder, as a self-supporting film as well as a 
binder and carrier for the reactive ingredients 
is also contemplated. In this type of product, the 
film-forming composition containing the color 
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producing reactants may be coated and dried on 
a temporary support, and the dry film subse 
quently renowed by stripping to provide an ex 
ceedingly thin copying-paper. Compositions en 
ploying a reactant or reactants which are then 
selves film-forming, or which have adequate ad 
hesion to a supporting web, ordinarily require no 
auxiliary bonding or film-forming agent. 

Certain advantageous results may be obtained 
by proper selection and proportioning of the 
bonding agent as well as the reactants, and in Our 
preferred compositions we therefore contemplate 
the use of a Sitable 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 presumably 
increasing the distance and the amount of non 
reactive material between or around the individ 
ual particles of reactants. Conversely, a reduc 
tion in the percentage of bonding agent reduces 
the contrast, and increases the detail obtainable 
in 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 in any cases be deteriined, but are not 
necessarily most advantageous. The proportions 
shown in the specific examples of the particular 
reactants therein disclosed have been found t 
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 ac 
ceptable products and are here contemplated. 

. . Where desired, various inert materials, such for 
example as pigments or 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 layers, 
or to impart desirabie 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 nainner, in 
which it may be utilized, e. g. in the copying of 
printed matter, reference is made to...the accorn 
panying drawing, in which: 
... Figure 1 is a conventionalized alld enlarged 
cross-section of one example of a Suitable heat 
sensitive coating on a Supporting meinber; . 

Figures 2, 3, and 4 are perspective views (par 
-tially cut away) of three different arrangements 
: of a printed surface in relation 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 a diagrammatic, sectional view of 
one example of structure, including a suitable 
source of radiant energy, that may be employed 
for copying printed sheet material. 

in Figure 1, a heat-sensitive layer 8, consist 
ing of two finely-divided reactant materials 
and 2, the individual solid particles of which 
are contained within a binder material 3, is Sup 
ported on a supporting member 4. 
In Figure 2, a transparent heat-sensitive copy 

ing-paper 5, consisting of a heat-sensitive layer 
on a thin transparent backing 6. (both shown 
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in cut-away section) is placed against a printed 
page 7, with the uncoated surface of the trans 

3 
parent backing in contact with the printed 
characters 8 of which a facsimile copy is de 
sired. The transparent backing 8 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 illumina 
tion, as herein elsewhere explained, and in this 
case With the transparent heat-sensitive sheet 5 
being between the Source of light, and the printed 
Surface, a differential darkening, or other visible 
change, indicated by darkened area, 9, is rapidly 
obtained in the heat-Sensitive layer 3, corre 
sponding to the printed character 8 therebelow. 
The finished print obtained by the procedure 

outlined 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 essen 
tial for subsequent reading of the copy obtained. 
Consequently the requirement of transparency 
here refers to the ability of the sheet to pass 
radiant energy of the wave-length employed in 
the copying process. The use of visible light 
thus imposes the requirement of “visible trans 
parency,' as manifested, for example, in the con 
struction embodying cellophane and described 
under Example 1. With other wave-lengths, e. g. 
in the high-energy infra-red region, sheet mate 
rial Which is transparent to the infra-red but 
which may appear translucent or even opaque 
to the eye may be used and is here contemplated. 

In Figure 3, the heat-sensitive layer of the 
(visibly) transparent heat-sensitive copying 
paper 5 is placed directly in contact with the 

3 printed characters 8 of the printed page 7. 
High intensity radiation directed against the 
transparent backing 6 results in a visible 
change, in the sensitive layer (), corresponding 
to the printed characters 8, indicated by the 
darkened area, 9 (partially concealed in the 
drawing). The resulting copy is a direct facsimile 
of the printed original when viewed through the 
visibly transparent backing 6. 
In Figure 4, the heat-sensitive coating O is 

disposed, as shown in cut-away section, on a sup 
porting member 4, which may be either trans 
parent, translucent or opaque, but which should 
be at least reasonably non-conductive to heat. 
A thin opaque printed page 29, which may or 
may not carry printed characters on the under 
side, but which has printed characters 8, of 
which a copy is desired, on the outer side, is 
placed against the sensitive layer 0. Proper ir 
radiation of the outer printed side of the printed 
page 20 results in the formation of a visible fac 
simile copy or darkened area 9, on the sensitive 
layer C, corresponding to the printed characters 
f8, with no undesirable blurring or “ghost-image' 
formation being obtained from any similar print 
ed characters which may be present on the under 
Side of the page 20. 
In Figure 5, which illustrates in cross-section 

one means by which reproductions of printed 
matter may conveniently be made according to 
the principles set forth in connection with Fig 
ure 2, an electrically-activated high-intensity 
source of useful radiation such as light rays 23, 
comprising an incandescent line filament 2 in 
transparent evacuated envelope 22, is shown sup 
ported within a movable trough-like reflector 24 
of elliptical cross-section. Filament 2 is located 
at one focal line of the elliptical reflector; con 
Sequently light rays 23, emanating therefrom, are 
focused at the other focal line, which is caused 
to coincide with the printed surface of printed 
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page f7, carrying printed or other graphic char 
acters 8 of which a facsimile copy is desired. 
Page 7 rests on the uncoated Surface of a sheet 

of transparent heat-sensitive copying-paper 5, 
consisting of a transparent backing 6 and a 
heat-sensitive coating 0. The copying-paper 
rests on a transparent heat-insulating sheet mas 
terial 25, which may be an open-mesh screen 
such as silk bolting-cloth, and this screen in 
turn rests on a transparent Support 26, which 
may be a glass plate, preferably of heat-resistant 
glass. (Where Support 26 is inherently Suff 
ciently heat-non-conductive or is suitably rough 
ened or otherwise treated at the surface So as to 
present a non-conductive surface to the copying 
paper 5, the separate thickness of insulation 
25 may be eliminated.) The copy-paper 5 and 
page 7 are held in close and heat-conductive 
contact by means of a heat-insulating cover 27, 
which may be a wooden cover, as shown in Figure 
5, or may be constructed of any other suitable 
material including a Soft and flexible material 
Such as a pneumatic or hydraulic pressure-bag. 
If desired, the cover 27, and the underlying 
printed page 7, may be maintained at any de 
sired temperature below the printing tempera 
ture of the copying-paper 5, by suitable tem 
perature control means. The elliptical reflector 
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 23 are continuosly focused at the 
printed surface of the printed page T. The rate 
of movement of the reflector assembly is adjust 
able, to compensate for differences in the thick 
neSS and heat conductivity of the page to be 
copied, here shown as printed page 7, and also 
to compensate for differences in the sensitivity of 
the temperature-sensitive layer f0, the intensity 
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, 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 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. However, many other sources of radia 
tion, including Ordinary high-intensity incan 
descent lamps, photoflash lamps, electric arc, in 
fra-red lamps, concentrated Sunlight, etc., have 
been found to be effective in various thermo 
graphic assemblies using our heat-sensitive copy 
ing-paperS. 
Many modifications, both in preparing the re 

active compositions and the coated materials, and 
in utilizing the products in the direct reproduc 
tion 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 principles 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 here 
in presented are based, remains the Same in all 
of the applications and modifications thereof. 
This principle involves the selection and blend 
ing of two or more solid reactants in Such a 
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manner that the reactants are prevented from 
combining or reacting with each other until the 
blend is heated to or above a predetermined 
range of temperature. When Such a tempera 
ture is reached, however, the reactants are en 
abled 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 a wide variety 
of conditions, it has been shown to be par 
ticularly valuable in making available, as a new 
articie of manufacture, a heat-sensitive copying 
paper suitable for the preparation of visible light 
stable copies of graphic subject-matter by meth 
Ods involving only the exposure of Such matter 
to intense irradiation while in heat-conduetive 
relationship with the heat-sensitive imaterial. 

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 graphie 
subject-in atter as herein described, said copying 
sheet being non-sticking at 120° C., being stable 
at normal rooin and storage temperatures, and 
being rapidly and permanently visibly changed 
when heated from room temperature to 120° C.; 
said copying-sheet comprising a support having 

i} low thernal conductivity, and a heat-sensitive 
iayes' firmly bonded thereto and containing a plu 
rality of Stable ionizable dissociable normally solid 
reactant materials including at least one elec 
tion donor component and at least one electron 
acceptor component disposed in contiguity with 
each other in said layer, at least one of Said comi 
poneints being fusible at a temperature within the 
l'ange of about 60-120° C. and being present in 
an annount such that on fusion and reaction with 
other components a visible change is produced 
in the heat-sensitive layer, said components being 
imaintained in physically distinct and chemically 
inter-reactive relationship in said layer at nor 
mal room and storage temperatures, and Said 
components being so selected as to be inter-reac 
tive in a direct ion-exchange electron acceptor 
donor chemical reaction at room temperature in 
a mutual Solvent capable of permitting ionization 
of said components and with the formation of a 
stable, visibly distinct, highly polarized compound 
which is less dissociable than either of Said Corn 
ponents. 

2. A heat-Sensitive copying-Sheet for making 
direct, high contrast, clear detail copies of graphic 
subject-matter as herein described, said copy 
ing-sheet being non-sticking at 120° C., being 
stable at normal room and Storage temperatures, 
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 containing, uniformly dispersed in 
a film-forming binder non-fusing at temperatures 
below about 120° C., a multitude of closely spaced 
Solid particles of a plurality of stable ionizable 
dissociable normally Solid reactant materials in 
cluding at least one electron donor component 
and at least one electron acceptor component, at 
least one of said components being fusible at a 
temperature 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 
physically distinct and chemically inter-reactive 
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relationship in said layer at normal room and 
storage temperatures, and said components being 
so selected as to be inter-reactive in a direction 
exchange electron acceptor-donor chemical re 
action at roorn temperature in a mutual Solvent 
capable of permitting ionization of Said Con 
ponents and with the formation of a stable, 
visibly distinct, highly polarized compound which 
is less dissociable than either of Said components. 

3. The heat-sensitive copying-sheet of claim 1 
wherein an electron acceptor component is an 
ionizable compound of an anion and a polyvalent 
metal cation, and an electron donor component, 
is an ionizable organic reagent rapidly reactive 
with said polyvalent metal cation to provide a 
visibly distinct reaction product. 

4. The heat-sensitive copying-sheet of claim 2 
wherein an electron acceptol' component is an 
ionizable compound of an anion and a polyvalent 
metal cation, and an electron donor component 
is an ionizable organic reagent rapidly reactive 
With Said polyvalent metal cation to provide a 
visibly distinct reaction product. 

5. A copying-sheet according to claim i in 
which an electron acceptor component is an iron 
Salt melting at a temperature within the range 
of about 60-120° C., and an electron donor con 
ponent is a Water-insoluble organic compound 
having an iron cyanide complex ion. 

6. A copying-sheet according to claim 5 in 3: 
which the iron Salt is a ferric salt of a fatty acid. 

7. A copying-sheet according to claim 6 in 
which the electron donor component is a water 

5 

6 
insoluble organic reaction product of an organic 
amine and a water-soluble compound having an 
iron cyanide complex ion. 

8. A copying-sheet according to claim 2 in 
which an electron acceptor component is an iron 
salt melting at a temperature within the range 
of about 60-120° C., and an electron donor com 
ponent is a water-insoluble organic compound 
having an iron cyanide complex ion. - 

9. A copying-sheet according to claim 8 in 
which the iron salt is a ferric salt of a fatty acid. 

10. A copying-sheet according to claim 9 in 
which the electron donor component is a Water 
insoluble organic reaction product of an organic 

5 amine and a water-soluble compound having an 
iron cyanide complex ion. 

11. A copying-sheet according to claim 10 in 
Which the electron donor component is a water 
in Soluble organic reaction product of an alkyl 
amine and a Water-soluble ferrocyanide. 

12. A copying-sheet according to claim 10 in 
which the electron donor component is a Water 
insoluble organic reaction product of an alkyl 
amine and a Water-soluble ferricyanide. 

CARL S. MILLER. 
BRYCE L. CLARK. 
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