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This invention relates to the art of image copying and
reproduction and more particularly relates to the diazo-
type process for copying or reproducing. More specifical-
ly the present invention is concerned with a diazotype
sensitized composition useful in the production of copying
elements or sheets which may be exposed to the image of
a graphic master and which may be subsequently devel-
oped by the application of heat.

The normal diazotype process generally comprises
coating on a suitable support, usually paper, a composition
containing a diazonium compound such as p-diazo-N,N-
diethyl aniline-Y4 ZnCl, and an azo coupler compound
such as 2,3-dihydroxy naphthalene-6-sodium sulfonate
along with stabilizers such as thiourea and citric acid,
selectively exposing the coated sensitized sheet thus pre-
pared to radiations from a source of light of a wavelength
in the ultraviolet range, and finally developing the sheet
to reveal the copy of the master original. Exposure of
the diazonium compound to the ultraviolet light causes
this compound to become deactivated to an extent that
coupling of the diazonium compound and the azo coupler
compound to form the contrasting azo dye can not be
accomplished at the developing stage. The resulting con-
trasting areas on the copy sheet generally define the image
as originally impressed upon the sheet by exposure to the
ultraviolet source through the graphic master. It will be
apparent to.those familiar with the diazotype process that
by the term “develop,” as used herein and in the appended
claims, I do not mean the generation of image forming
elements as encountered, for example, in the silver-salt
photographic process, but rather the transformation of ex-
isting images from the low-contrast sensitized diazonium
compound-containing coating into the high-contrast azo
dye by means of the coupling reaction.

Development of the latent image impressed upon the
sheet is accomplished by bringing about in the coated layer
such conditions as are conducive to the coupling of the
dye-forming components in the layer, for example, by
causing the coated layer to become more alkaline. The
necessary coupling condition is usually determined by the
selected components of the diazonium/azo coupler com-
bination. The diazotype components with which I am
presently concerned are those which couple to form the
azo dye under alkaline conditions and which might be

referred to as “ammonia developing” compositions. With -

commercial diazotype sheets of the class stated the appli-
cation of the alkaline medium may be accomplished by
exposure of the sheet bearing the latent image to moist
ammonia vapors. Other methods of obtaining alkaline
conditions for the formation of the azo dyes have included
the employment of alkaline solutions as in the system
where the azo coupler component is applied to the sheet
in alkaline solution subsequent to the exposure of the
sheet-borne diazonium component to the ultraviolet light.

Basically, the diazotype system requires, for a devel-
oped image, a combination of three components; namely,
(1) the diazonium compound, (2) the azo dye coupler,
and (3) the alkaline developer medium. It is noted that
I have here considered the dye-forming coupling reaction
with respect to the substantially instantaneous rate at
which it proceeds under alkaline conditions during the
practical development step of the process. It will be rec-
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ognized, however, that the coupling, dye-forming reaction
proceeds continuously from the moment of combining the
diazonium compound and azo coupling compound, that
conditions of storage such as moisture, temperature, alka-
linity of coating and the like influence the rate of the cou-
pling reaction, and that improper maintenance of such
storage conditions will likely result in sufficient progress
of the coupling reaction to cause a substantial develop-
ment or darkening of the sheet, such being generally re-
ferred to as “pre-coupling.” In order to prevenmt pre-
coupling or formation of the azo dye prior to actual use
various of the diazotype systems maintain one of the three
components physically separated from the remaining com-
ponents of the dye-forming combination. Such systems
are similar to those previously mentioned, i.e., where the
alkaline member in the form of moist ammonia vapors is
separately added to the coated diazonium compound/cou-
pler combination, or where the alkaline developer/cou-
pler combination is added in solution to the coated diazo-
nium compound, in both instances the complete dye-
forming combination being effected subsequent to light
exposure and deactivation of the diazonium compound.
Other diazotype processes are known which differ some-
what from those here generally described, for example,
the so-called “auto-coupling” system where the azo cou-
pler is formed in the coated sheet by the action of light
upon the diazonium compound; however, such systems
will be recogaized as being generally included in the basic
3-component system outlined above.

The advantages of the diazotype processes as repre-
sented by superior sharpness, density, contrast, and per-
manence of copy, and the ability to obtain direct positive
reproductions have caused this method of copying to be-
come widely accepted and practiced. With these obvious
advantages, however, the diazotype process has introduced
the less desirable requirements of maintaining dangerous
and unpleasant ammonia supplies, renewing and continu-
ously handling developer solutions, and maintaining ex-
pensive and cumbersome processing and developing equip-
ment. The need for a simple, inexpensive, neat and ef-
fective method of developing diazotype copies has long
been recognized and a number of attempts at perfecting
such a method have been undertaken, but prior to my in-
vention no thoroughly acceptable one-step process has
resulted.

It has long been desired that the three basic compo-
nents of the azo dye-forming reaction be incorporated in a
single coating, being there held inactive uniil stimulated at
the developing stage by exposure to a simple means of
activation such as heat. Previous attempts at obtaining
such a system of developing diazotype prints have been
disclosed, including the incorporation of urea or its deriva-
tives as part of the sensitized coating with the intention
that subsequent to impression of the laent image heating
of the sheet would result in decomposition of the urea com-
pound with evolution of developing ammonia. This pro-
posed practice, however, is not acceptable because of the
pre-coupling resulting from alkalinity of the urea com-
pound when applied in solution to the sensitized coating
and further resulting from the instability of the urea com-
pound during storage and in incompletely dry atmosphere.
In addition, the excessively high temperatures and long
development time necessary to obtain development of the
image has a deleterious effect upon the copy sheet and the
resulting image,

It has further been proposed to incorporate in the sensi-
tized coating composition diazonium compounds and azo
couplers which form azo dyes in a less alkaline environ-
ment than those components previously considered and
additionally to add to the composition acids of low heat
stability which would prevent the dye-forming coupling
reaction until decomposed by heating subsequent to ex-
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posure to the ultra-violet light. Instability of the stabiliz-
ing acid, low rate of coupling reaction, lack of image den-
sity, and pre-coupling in storage contribute to the un-
acceptability of this process. Other varied attempts to
provide simpie methods of effecting the coupling develop-
ment of diazotype systems, primarily those based on heat
initiated reactions, were found to be fraught with many of
the noted disadvantages. Such disadvantages have besen
practically avoided by my novel development process.

An object of my invention is to provide a simple, eco-
nomical, and effective means for developing diazotype
copy sheets.

A further object of my invention is to provide a means
for developing diazotype copy sheets without the use of
unpleasant and noxious vapors or solutions.

Another object of my invention is to provide a diazo-
type copy sheet which may be developed by heat alone
and which is stable at normal storage conditions.

Yet another object of my invention is to provide a
method for preparing an economical, stable, heat-develop-
able copy sheet which will provide clear, precise, well con-
trasted, and, stable copy images.

These and other objects will become apparent as this
description progresses and examples embodying the prin-
ciples of my invention are further outlined.

I have found that a stable, heat developable diazotype
copy sheet may be prepared by coating on a suitable base
sheet a sensitizing composition containing, in addition to
the normal components of a diazotype coating composi-
tion, a quaternary ammonium compound such as a quater-
nary ammonium halide. The quaternary ammonium ha-
lide is most practicaily incorporated into the coating com-
position as a solute in the coatable mixture, but may also
be applied in a top- or sub-coating with normal diazotype
sensitized coatings to form a single sheet copying element.
The low level of alkalinity of the quaternary ammonium
halide allows such direct addition to the mixture of diazo-
nium and azo coupler compounds without the danger of
precoupling to form the azo dye. The coating composi-
tion may, therefore, be treated as the usual diazotype
coating composition and the need for special precautions in
coating, drying, and subsequent processing are eliminated.
The stability of the quaternary ammonium halide in the
dry, coated, semsitized diazotype copy sheet is such that
the precoupling and loss of storage stability encountered
with normal diazotype copy sheets in humid atmospheres
are not increased.

The heat developable character of my novel diazotype
copy sheet results from the fact that upon the application
of heat the quaternary ammonium halide decomposes
with the formation of a tertiary amine, the amine there-
upon effectively furnishing the necessary alkalinity to pro-
mote the coupling reaction to form the azo dye. The fol-
lowing example will illustrate a specific embodiment of
my invention.

Example 1

A coating solution is prepared in the following manner:

Parts
Water (deionized) . _ 360.0
Methanol -l 4.0
Polyethylene glycol (Dow Chemical Company Poly-
glycol E~4000) o 48.0
Citric acid L 8.0
Thiourea e 20.0
Zinc chloride — 20.0
Saponin _____________ — — 02
2,3-dihydroxynaphthalene-6-sodium sulfonate __._._ 7.2
p - Diazo - N - ethyl-N-hydroxyethylaniline-15 zinc
chloride o 6.0
Tetramethyl ammonium chloride ______________ 30.0

The coating composition thus prepared was coated on
a normal 20 1b. (17 x 22-500) dry process diazotype base
sheet by means of an air knife coater, the coaiing being
metered under air pressure at 3 p.s.i.g. The coating was
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dried in circulating air at about 100° ¥. The resulting
sensitized copy sheet was exposed in the usual manner to
ultraviolet light through a transparent master and the im-
pressed latent image was developed by heating the shect
at 350° F. for about 15 seconds.

The quaternary ammonium halides of my invention are
not restricted to tetraalkyl derivatives, but may addition-
ally be selected from the aryl substituted compounds.

Example 2

Parts
Water (delonized) oo oo 360.0
MMethanol e e 4.0
Ethylene glycolo oo o 24.0
Citric acido oo e e 8.0
ThIGUFEA o e e e e 20.0
Zinc chloride o 20.0
SaPONIN o o e e 0.2
2,3-dirydroxynaphthalene-6-sodium sulfonate_.. -~ 7.2

p - Diazo - N - ethyl-N-hydroxyethylaniline-V2 zinc
chloride o 6.0
Trimethyl phenyl ammonium chloride— ... 30.0

The solution was coated and coating exposed and de-
veloped as in Example 1 with similar results.

Various other quaternary ammonium halides may be
used as equivalent substitutes for those shown in the ex-
examples. The use, for example, of tetramethyl am-
monium iodide, tetraethyl ammonium chloride, tetra-
methyl ammonium bromide, tetraethyl ammonium iodide,
tetrabutyl ammonium iodide, or the like will occur to
those skilled in the art and the effective amounts to be
used in varjous coating compositions will depend upon the
diazo and coupier components employed and the amounts
and types of stabilizers used, and may be determined by
routine experimentation without the employment of any
inventive skills.

t will be apparent to one skilled in the art that neither
the color forming components of the examples given nor
the particular stabilizers and humectants used are to be
interpreted in any way as being restrictive, but rather
merely representative of the various components employed
in diazotype copying papers of the “ammonia-developing”
type. Many useful combinations of dye-forming react-
ants may be employed in my novel copy sheet, among
widich reactants are numbered as diazonium compounds,
tetrazodiphenylpiperazine-¥2 ZnCly; N,N-dimethylaniline-
p-diazonium chloride-¥2 ZnCly; 4-N,N-diethylaminoben-
zenediazonium chloride-¥2 ZnCl,; p-diazo-N-methyl-N-
hydroxzyethylaniline-2 ZnCly; p-diazo-N-ethylamino-o-
toluidene-12 ZnCly; naphthalene-2-diazo-1-oxide-5-sulfon-
ic acid; p-phenylaminebenzenediazonium sulfate; as azo
couplers, resorcinol, N-g-hydroxyethyl--resorcylamide, «-
resorcylamide, phloroglucinol 2,3-dehydroxynaphthalene,
resorcinolmonoacetate, 3-phenyl-5-methylpyrazolone, 7-
hydroxy-1,2-naphthimidazole, 3-hydroxy-phenylurea, 6-
methyl-4-hydroxy-2-(1)-pyridone; as stabilizers and sta-
bilizing acids, zinc chloride, maleic acid, formic acid,
phosphoric acid, tartaric acid, boric acid, and sodium-
naphthalene 1,3,6-trisulfonic acid.

Specific uses of my invention are not restricted to those
set forth above, for my novel compositions will suggest
innumerable practical applications where heat may ad-
vantageously be employed to produce a permanent graphic
record or copy. A sensitized sheet made according to my
invention may, for example, be marked by means of
selective application of heat as with a heated recording
stylus, a heated impression plate or the like. Such sheets
also lend themselves to the thermographic method of
copying graphic originals which is characterized by the
selective conversion of radiant energy to sensible heat in
the dark portions of the graphic original. Even with such
methods of impressing an image upon the sheet, ie., by
sclectively heating the sensitized layer, the characteristic
permanence of the diazotype process may be taken ad-
vantage of by subsequently exposing the marked sensitized
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layer to ultraviolet light to effect decomposition of the
diazonium compound. .

As herein described by discussion and example my in-
vention has been shown to consist not of specific formu-
lations, but rather of a novel combination of known ele-
ments of the diazotype composition with certain qua-
ternary ammonium compounds which I have found to be
effective in producing development of the latent image
upon the application of heat to the coated sheet. It is
not here to be implied that the potential dye-forming
combination of the dazonium compound and the azo

coupler compound represents per se any part of my in-

vention nor should the foregoing description be inter-
preted as restrictive of the specific elements useful in
my novel combination.

I claim as my invention:

1. The method of producing permanent recordings of
graphic intelligence which comprises providing a carrier
sheet with a sensitized layer comprising a light sensitive
diazonium compound, an azo coupler compound, and a
quaternary ammonium halide, the said diazonium and
azo coupler compounds being capable of reacting together
in an alkaline medium to form an azo dye, the said quater-
nary ammonium halide being decomposable at an elevated
temperature to form a tertiary amine in an amount suffi-
cient to cause a coupling reaction between said diazonium
compound and said azo coupler compound, selectively
heating the said layer to a temperature in excess of the
decomposition temperature of the said  quaternary am-
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monium halide, and decomposing the said diazonium com-
pound by exposing the said layer to ultraviolet light.

2. The method of producing permanent copies of
graphic intelligence which comprises the steps of provid-
ing a carrier sheet with a sensitized layer comprising a
light sensitive diazonium compound, an azo coupler com-
pound, and a quaternary ammonium halide, the said di-
azonium and azo coupler compounds being capable of
reacting together in an alkaline medium to form an azo
dye, the said quaternary ammonium halide being decom-
posable at an elevated temperature to form a tertiary
amine in an amount sufficient to cause a coupling reac-
tion between said diazonium compound and said azo cou-
pler compound, selectively decomposing the said dia-
zonium compound by exposing the said layer to a specific
pattern of ultraviolet light, and heating the said layer to
a temperature in excess of the decomposition temperature
of the said quaternary ammonium halide,

References Cited in the file of this patent

UNITED STATES PATENTS
1,753,059 Murray oL Apr. 1, 1930
1,821,281 Van Der Grinten et al. ____ Sept. 1, 1931
2,197,809 McQueen ceem ool Apr. 23, 1940
2,774,669 Marron et al. Dec. 18, 1956
3,046,128 Klimkowski et al. —cvcoce e July 24, 1962

OTHER REFERENCES

Conant et al.: The Chemistry of Organic Compounds,
The Macmillan Co., N.Y., 4th ed., 1952, pp. 179-182.



