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The present invention relates to light-sensitive

materials, to products incorporating light-sensi- -

tive materials, and to methods of using such ma-
terials and products. It has special reference to
photographic work, especially in the fleld -of
technical copying which is exemplified by the
so-called blue print, brown print, and diazo
type processes and papers.

The invention may be used in other flelds as
will appear hereinafter, but at present it has its
chief utility in this field as a substitute process
and product for the present day usages of tech-
nical copy papers such as sensitized diazo papers
and the well known blue print papers.

The blue print papers offer a limited utility,
being confined to blue and white contrasts.
They vrint negative, that is, a tracing having an
opaque dark line on a white translucent or
transparent .background, produces a white line
on & blue background. Other disadvantages of
the blue print papers are well known.

The diazo papers offer a wider variety of color
and they print positive. In them a compound is

- used which is sensitive to light so that light de-
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composes it. When and where the sensitive
compound is not decomposed, the treatment fol-
lowing light exposure causes the sensitive com-
pound to be developed into a dyestuff.. Accord-
ingly the dyestuff is formed where the paper is

‘screened from light and a direct print results.

The nature of the light-sensitive compound will’
be explained more in detail hereinafter, so it will
suffice for the present to term it by its true
technical name “a diazonium” compound, also
called a “diazo” compound. Certain of the dye-
stuffs, called azo dyes, are made from a diazo-
nium compound by a coupling reaction with a
color-forming component. Diazonium com-

‘'pounds are characterized by Instability, which

property varies from explosive instability to
high stability. The degree of stability 1s de-
pendent upon the nature of the nucleus of the
compound -as well as upon the conditions to
which it is exposed. Heat, light, acidity, alka-
linity, pressure, and associated substances also
determine stability. Diazo papers utilize these

Numerous dye-forming bases and components
have been proposed in various combinations for
making the diazo papers. Many diazonium
compounds may be made but cannot be used
in practical diazo papers, because they cannot be

placed in situ on paper and be there dried and .

retained as sufficiently stable compounds wuntil

. requirements.

(CL 95—6)

they are used in commerclal reproduction by
light—prmtlng R

" The art has been able to select only & few
specific substances which are practical and suc-
cessful for commercial use. There are conflict-
ing properties to be considered. On one hand
the diazonium compound must be sufficiently
unstable to light-so that a print can be made at
commercial speeds which are well established in
the art. On the other hand it must be sufficient-
1y stable so that it can be prepared, applied to
paper, dried thereon, stored, shipped, again
stored, opened, handled in preparation for ex-
posure, and then exposed to give clear and sharp
prints. These are the rigid requirements of
commerce, and many incidental factors must be
considered, such as light, heat, cold, moisture,

-ete. There must also be considered the perma-

nence of the color formed. As a consequence
the art has had difficulty in meeting all the
practical requirements. Too stable compounds

-could not be used, and too unstable compounds

could not be used.

Search of the practical- art will show that
many proposed compounds are not satisfactory
and have met with no success in commerce.
There are compounds which are suitable for pro-
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ducing results on exercise of unusual precau- =

tions, but they. will not meet the commercial
Many patents will be found
which are directed to specific bases or classes of
bases, but commercial success with them is not
assured.

By use of the present invention the dxa.zomum
compounds may be selected particularly for
their high stability without that other consider-

-ation of a special -degree of instability which

renders them useful for commercial speeds of
light-printing and as marketable products.

One object of the invention is the provismn'
of an accelerator for decomposmon of diazonium -

compounds.

Another object of the mvention is the forma -

tion of an accelerator in situ by the action of
‘the light which is to effect the decomposxtion
of the diazonium. compound.
" Other objects of the invention relate to-devel-
opment. of the dyestuff- from thé undecomposed
diazonium compound, and the development of
the dyestuff with special regard for avoiding cer~
tain possible deiects which may arise from ma-
terial associated with the accelerator.

In general the objects are to develop the dye-

stufl in a manner which is compatible with all.
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the conditions which prevail, as will bé more
clearly explained hereinafter.

Various other and ancillary objects and ad-
vantages of the invention will be apparent from
the following description of the invention and
from the several accompanying examples..

It is known that diazonium compounds are .

particularly sensitive to certain other substances
which act as accelerators or catalyzers of de-
composition. In Perkin and Kipping, “Organic
Chemistry” Ed. of 1911, page 414, it is stated:
“The diazonium salts behave in & very remark-
able way when they are treated with cuprous
salts; when, for example, a solution of phenyldi-
azonium chloride is warmed with a solution of cu-
prous chloride in hydrochloric acid, nitrogen 1is
evolved, but instead of phenol, chlorobenzene is
produced. In this reaction the diazonium salt
combines with. the cuprous chloride to form a
brownish additive compound, which is decom-
posed at higher temperatures.

CsHs.NzCI,20uCl—>C«;HsCl+Nz+2C_uCl —_———

The article continues showing that cuproius bro-
mide and potassium cuprous cyanide react simi-
larly. It is also shown on page 416 that copper
powder effects the decomposition of diazonium
salfs.

Copper and its cuprous compounds are there-

fore old and well known examples of accelerators

used in solutions of diazonium compounds. The
present invention aims to use accelerators in
dried sensitized papers to speed up decomposition
of the more desirable otherwise highly stable
diazonium compounds. The accelerator may be
incorporated with the diazonium compound in
active form so long as it is inactive until influ-
enced by light. However, I prefer to employ a
substance which is known to change by light
into an active form. In consequence I have em-
ployed originally such materials as are affected by

light, such as ammonium feiric oxalate (known.

also as ammonium ferrioxalate) of the blue print
art, so that they are activated to produce an sc-
celerator which speeds up the decomposition of
the diazornium compound. I do not state that all
substances which are light-sensitive will produce
accelerators for this invention,.and I have found
that some will function readily with certain di-
azonium compounds and appear not to function,
or to be of little advantage when used with other
diazonium compounds.
compounds and copper compounds of certain type
sometimes act equally on certain diazonium com-
pounds, and on other ones they show little bene-
ficial effect, or one is beneficial and the other ap-
pears to have litlle accelerating effect, or may

-even be injurious. Among other light-sensitive

madterials I name the silver halides, well known in
photography, and certain cobalt salts referred to

‘in U. S. Patent No. 1,594,470.

Present day blue print practice has set the
standard for degree of light exposure acceptable
to the art. The present invention in its preferred
form makes use of two classes of sensitive sub-
stances, one of which is adopted from the blue
print art, and which is sufficiently speedy in re-
sponse to light. The other is adopted from the
diazo art and is the preferred specles within which
may be classed those defined as too stable for
practical use in the diazo art. The first reaction
forms a product which is an accelerator to speed
up the second reaction to a commercial speed.

In order to be specific for the purpose of illus-
tration, a generalized example will be stated.

For example, chromium
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E::ample I.
Cresidine is diazotized to form a dmzomum

' compound which may be dried in a suitable coat-

ing on paper in a manner well known in the art.
The diazonium compound is relatlvely stable
against light and hence is not commercmlly de-
sirable in the heretofore known uses, as its print-
ing speed is too slow. I combine with this com-
pound = light-sensitive material having a reduc-
ible oxide of metal, such as a ferric oxalate, of
which the ferric iron is reduced by the oxalate
under the influence of light to form an acceler-
ator. It is well known that this salt is decom-
posed by light in such a way that the ferric oxide
oxidizes the oxalic acid with which it is com-
bined and forms a ferrous compound.. I have
discovered that the ferrous compound accelerates -
the decomposition of the diszonium compound.

It is analogous to the action of the cuprous salts |

above referred to, but it is entirely unexpected 4

- that the accelerating effect should occur in a dried

mixture.
Both the diazonium compound and the ferric
oxalate alone, and combined, and in the dark, are

highly stable and easily meet the practical re- 4

quirements of the art to place them on the paper
and to get them into the hands of the user with
no more precautions than are required for Ol‘dl-
nary blue print papers.

The light-struck portions: of sensitized paper

- should lack a diazonium compound which can be

coupled with a dye-forming compgnent. I may
have such a component present in the paper so
that the paper, may be subjected to conditions
favoring the coupling, or I may apply the com-

_ponént te the light-printed sheet and thus de-

velop the color. This Iatter method is preierred,
because the component may be varied according
to the color desired. N

Thus, I may wet the dry exposed sheet as with 4
a sponge which is wet with a solution containing -
a coupling component, such as beta naphthol in
sodium hydroxide, or resorcinol in sodium hy-
droxide. Other coupling agents may be used
such as phloroglucin, H-acid, gamma-acid, J- °

"acid, 2-hydroxy 3-naphtheic acid, R—acld or

Nevile and Winther’s acid.

The color usually develops mmedlately. Ex—
cess salts and chemical may be washed out. Be-
cause it is desirable to wash, a component is used
which forms a fast dye which resists the washing,
and one which is a direct dye for eellulose, where
paper is used as the base. The iron or other

metal from the accelerafor may incidentally act 5

as a mordant for the dye.
Because metal salts, such as iron salts from the

- accelerator may be present, care must be taken

to prevent coloration of a desired white field.
Ferrous iron conipounds in particular may slowly 9
oxidize and cause a brownish color in the field,
which would otherwise be white.” Therefore,
where such tendency exists, I use a cleaning agent
which insures removal of such iron compounds.
or any other coloring agent. This is preferably,
although not necessarily, incorporated in the so-.
Iution containing the coupling component.. Both -
substances together may be provided as a devel-
aoper, insuring sharp contrast in field and lines
with permanence of such conirast.

¥rom the foregoing example the nature of the
invention may be understood. From the follow-
ing discussion and examples the scope of the in-
venhon may be comprehended.




" anisidine and para phenetidine,
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the oxygen in effecting reduction.
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Tﬁe diazonium compound .

I have found that those amino compounds are

suitable which can be diazotized to form very
stable diazonium compounds. Of course, I prefer
the more highly stable ones to take full advantage
of the invention. I have found that various ani-
line derivatives may be used, especially ortho
Benzidine may
be used, but it is less suitable and not satisfac-
tory for the more severe commercial demands.
Tolidine is-better than benzidine, and dianisidine
is still better. The amino derivatives of naptha-
lene, anthracene, carbazol, diphenyl amine, and
others may be used. ‘The stability follows the
general rule of the dyestuff art, that stability in-
creases with the complexity of the molecule, and
that the substituent groups have certain charac-
teristic influences dependent upon their charac-
ter, their positions in the nucleus, and their rela-
tions to other substituents. In general I have
found that the methoxy and homologous groups

produce stability, especially when one is adjacent

the amino group. The following amines are
listed as suitable; and selection from them may
be made for stability without the consideration

_of suitable light sensitivity when used alone:

Para amino acetanilide, para amino acetophe-
none, l-amince anthraguinone, para amino di-
methyl aniliné, pars amino diphenyl, para amino
diphenyl amine, amino G-acid, ortho anisidine,
benzidine, para chloro ortho anisidine, cresidine,
dianisidine, dichloro aniline, beta naphthylamine,
tolidine, para toluidine, pars phenetidine, xyli-
dine.

The accelerator

The accelerator per se is preferably not to be
present with the diazonium compound or to be
active, -except by action of light as in printing.
It is to be formed or activated by the light. The
form of ferric oxalate used in blue print papers
is suitable. Uranium, chromium, copper, cobalt,
nickel and manganese are other metals like iron
which have higher and lower oxides. These may
be used, but all salts of these metals are not
usabie,” nor are these metals universally useful
with all diazonium compounds, as -explained
above, and as will appear below. Certain salts
of the higher oxides are light-sensitive and form
the lower oxides. Citrates, tartrates or oxalates
may be used.
or other metal to be added as a specific salt such

as the metal tarirate, citrate or oxalate. It is -

sufficient that the metal ions be present and that
the acid jons or other material be present so that
it may be oxidized as the reduction occurs. An
oxalate is the preferred salt used for consuming
The lower
oxide forms, as in salts, appear to be active. A

_metal itself obtained by light-reduction from a

salt, such as a silver-halide may also be effective.

As a result of many experiments with. many
materials I find that an iron ¢ompound is most
universally effective. T# is my opinicn, not fully
confirmed, that of those metals having higher
and lower oxide formz, the activity a5 ancelerators
is greatest with those metals which normally exist
or tend to exist in the higher oxide form, This
is a very characterisiic property of iron which
has the ferric and ferrcus forms; of chrominm,
which has the chromic and chromens forms; and
of copper. which bas the cupric and cuprous

forms. These metal forms have their special

tendencies to be converted from one form to an-
other. and the facility of such conversion is de-

It is not necessary for the iroh:

-3

pendent upon many factors, including acidity,
alkalinity, and asscciated materials. Conditions
prevailing in papers treated with various diazo-
nium compounds therefore may be very effec-
tive in preventing one metal from functioning
properly in one case, whereas it may function
excellently in another case.

It is also pointed out that it is not necessary
to employ the accelerating agent in the form of
a simple metal salt, like ferric chloride, cupric
chloride. The metal may be present in a complex
acid radicle, as I have successfully used potas-
sium dichromate. -~ It is well known that chro-
mium has three valences, and three oxide forms,
chromic anhydride-CrOs;, chromic oxide CraOs,
and chromous hydroxide Cr(OH)2. I have found
that the best results are obtained with chromium
compounds by employing chromates, and offer no
theory to explain the specific mechanism of its
action.

Dye-forming component

The dyestuff art teaches what bases and what
components combine to form certain colors. By
the proper choice of components and bases, prac-
tically any color may be formed, and the manner
of its'formation is easily ascertained. Where the
component is applied after the printing, the fi
of choice is wider than where the component is
present in the paper with the dlazonium com-
pound. In case the component is included in
the paper prior to printing, as is done in sorne
papers, it must be compatible with the presence
of the accelerator, with the materisl which forms
the accelerator, with the products formed from
the accelerator, and with practical requirements.
Specific coupling components are not herein enu-
merated but some may be found in the appended
examples, since these are too well known in the
dyestuff art.

Cleaning.agent

I include in the above term the material which
is effective to prevent a discoloration of the field.
It may be an acid, an alkali or a salt, which func~
tions in the coupling reaction, or it may be a
specially employed ingredient. In the case of
ferric oxalate as the source of the accelerating

feid-
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substance, I use a solution of an oxalate salt such -

as potassium oxalate which is strong enough to
dissolve the residual iron forming a complex po-
tassium iron oxalate, and thus preventing forma-
tion of a ferric oxide or hydroxide in the white
field of the paper.  In the preferred practice I
incorporate the potassium or other oxalate in a
“developer” solution along with the coupling com-
ponent. .

Developer

From the two foregoing paragraphs it is seen
that two processes may be required after print-
ing, one, to develop the color, and two, to purge
the paper of possible discoloring material, espe-
cially from the accelerator. These may be com-
bined into one step using a solution having In-
gredients suitable to perform the two functions.
‘Thus, one application of one liquid to the printed

paper may be all that is required to develop a -

suitabie permanent and attractive contrast, after
which the customary washing is made.

The carrier

85
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Bv the term carrier T refer to the material -

which carries the coating. In the art as it is de-

veloped today a paper of felted fibers is com-

monly employed. But I have used glass, and
A
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other rigid substances, either transparent, trans-
lucent or opaque. Cloth or films of cellulose
nitrate, cellulose acetate, regenerated cellulose,
gelatine and the like may be employed. There
is no essential co-action between the carrier and
the film, and of course a carrier is chosea in
which ingredients of the carrier do not adversely
affect the sensitive composition while in storage
or at any other time prior to actual exposure to
light for printing.

Materials for the examples

In the following examples, unless otherwise
specified.it is to be understood that the carrier is
a 50% rag stock paper. The exposures of the
sensitized papers of the examples have been made
under uniform, comparable conditions which are
at the present day accepted as standard or com-~-
mercial. These involve an arc lamp as a source of
light and rotary printing machines. A common
commercial exposure is about 3 minutes, but in

the examples variations will be noted.

25

The diazotization may be carried out in nu-

" merous ways as is well known in the art, and

variations frequently depend upon the character-

isties of the amino compound employed. Unless .

- otherwise specified the diazotizations in the ac-
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companying . examples have been carried out
using the weight of amino compound specified,
40 cc. of 37% hydrochloric acid, 14.5 gms. of
sodium nitrite (96%) and the necessary water.
It is to be understood that the usual procedure
is to dissolve the nitrite and slowly add it to a
solution containing the acid and the amino base,

either solid, or dissolved, usually in the cold to -

preserve in solution the nitrous acid formed, and
to prevent decompasition. A large or small vol-
ume of liquid may be employed and the char-
acter of the dye and desired intensity of the print
in part determine the volume. Unless otherwise
specified the volume of water in the diazotiza-
tion may be taken as about 1 liter ar 1 quart
for the amounts.above given.

The following examples have been developed
with a “developer” which, unless otherwise speci-
fled, is compounded as follows:

- Grams
Coupling component_____________.___ ' _ 10
Anhydrous potassium carbonate__________ 14
Potassium oxalate (KC20+H20) __________ 920
Water about_____ 1000

In the above formula the oxalate is present to
function in removing iron residues where iron
is used as the accelerator. If is not necessary for
the removal of compounds of copper, chromium
and other residues, as they are less colored than
iron. Where it is desirable to remove residues,
like copper or chromium compounds, ammeonia
or tri-ethanol amine may be employed. These
form soluble complexes with the residues and
effect removal from the print.

. Ezample II.—Para amino acetanilide

Thirty grams of para amino acetanilide may
be diazotized as above indicated using, however,
about 5 liters of water. A brownish diazo solu-
tion results which is fairly stable to storage. A
paper coated with the solution, and dried re-
quires an exposure of about 14 minutes to give
good prints, -and the so printed paper may be
developed with befa naphthol, R-acid - (beta
naphthol 3<6 disulphonic acid), J-acid (2-5
amidonaphthol-7-mono-sulphonic acid), gamma
acid (beta naphthol 6-8 disulphonic a.cid) resor-
cin, -phloroglucin, Nevile a.nd Wmt.hers acid

20,708

‘There is acceleration, but it is less, and a 2.

_posure beyond 21, minutes gives little improve

" effective period of acceleration is in the ﬂrst 2.5

- paper in the same.period shows but slight ew-

(alpha naphthol-4-mono-sulphonic acid), H-
acid (1-8-amidonaphthol-3-6-disulphonic acid),
and others. The paper is stable and useful, but
too slow.

To accelera.te the printing speed I add to 150
cc. of the diazo solution as above prepared

Ferric chloride (FeCl3.6H20) _ . ____
Oxalic acid (H2C204.2H20) __.____________.
Potassium oxalate (K2C204.H20) __________

The modified solution may be coated ontc paper
and dried in the usual way. It may be printed
in 2.5 minutes to produce a satisfactory contrast-
ing print when developed with phloroglucin. Ex-
posures of 5 minutes and 7.5 minutes improve
the contrast, but the increasing improvement i
less than that to be expected from the increased
time. Paper similarly prepared, exposed and de-
veloped with no addition of ferric chloride, as a
standard for comparison, gives a much inferio
and an incomplete print at 7.5 minutes’ exposure
than the accelerated paper in 2.5 minutes. )
In place of using ferric chloride, the same
amount of potassium dichromate (K2Crz07) ma;
be employed, but not with the same results

minute exposure is about comparable to a 7.9
minute exposure of the blank. Additional ex

ment. .
In the case of iron and chromium the mosf

minutes of exposure.

Cupric chloride substituted for the iron o
the chromium sccelerator shows little accelera
tion.

‘The same accelerators have been found tg
have the same relative advantages where ortho
tolidine or para phenetidine are employed as
the amino compound.

Example III—Para amino acetophemme

Twenty-seven grams of para amino acetophe
none may be diazotized, using about 1 liter o
water. The diazo solution is not ‘very stable
Paper prepared from the solution may be printed
in 16 minutes’ exposure, and developed with nu
merous coupling components including H-acid
Accelerated papers may be prepared as in Ex-
ample X, using the materials and proportions
therein named. The control in 6 minutes of]
exposure, developed with H-acid, shows no de
composition of the diazonium compound. The)
iron accelerated paper shows sharp contrast in
the same treatment; the chromium accelerated
paper shows acceleration but only partial con-
trast in that time; and the copper accelerated

dence of acceleration.

The control sheet on development shows some
bleeding of the dye, and the bleeding is not
evidenced where the meial compounds have
been added. ‘This illustrates the mordanting ef-|
fect of accelerating agents.

The same order of advantage has been found
where other aminoc compounds are employed
as in Example IX below, and also where I have
used benzidine as the amino compound. In the
Iatter case an. 18 minute exposure for an unac
celerated diazo coating may be reduced to 2.5
minutes.

Erxample IV—1-amino anthraguinone

Forty-five grams of 1-amino-anthraquinone
diazotized using gbout 1 uter of water. The|
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amine which I employed was difficult to dis-
solve in hydrochloric acid, even on boiling. The
diazo solution contained a sediment from which a
clear yellow solution was, filtered. This may be
coated on paper and even dried with heat, re-
maining sensitive to light, making good prints
in three minutes, developed with numerous cou-
pling agents, including H-acld.: '

_Iron, copper and chromium sccelerated papers
were made as in Example II, with a control or
blank. " The blank gave a good print in 3 minutes,
and the iron and copper gave as good a print in
one minute, developed with H-acid. The iron
and copper appear substantially equal in power
in this instance, while the chromium paper
showed no acceleraticn, and evidenced a disad-
vantage, apparently bleaching the compound,
both where it is exposed and unexposed.

This illustrates the specificity of the combina-

" tions,

Ezxample V.—Para-aminc dimethyl aniline

Twenty-seven. and a half grams of para amino
dimethyl aniline are diazotized, using 70 cc. of
the 37% hydrochloric acid, 16 grams of sodium
nitrite and about 2 liters of water. A dark brown
diazo solution is obtained with some sediment
from which a fairly stable clear coating liquor
may be filtered.
development with phlorogiucin makes an ex-
cellent black print.

Control and accelerated papers were made as

in dfxample IT.with copper, iron and chromium.

In a three minute exposure, the control, the iron-

and the chromium papers appear nearly alike,
and the copper paper appears slightly accel-
erated. In a 6 minute exposure all appear simi-
lar. This further illustrates the specificity of
combinations. .

Ezample VI—Para amino diphenyl

Thirty-four grams of para amino diphenyl
printed and developed with Nevile and Winther’s
acid makes good prints in 16 minutes exposure.
An iron accelerated paper makes a better print in
three minutes than a control. Copper works

slightly- better than chromium, but both are less .

efficient than the iron.
In Examples II, IIZ, and V chromium is bet-

. ter than copper, but in this example copper is

better than chromium. I have also found that
where I use beta naphthylamine, copper is better

than chromium, and that in the case of chromium-
there is an undesirable bleaching, as in Ex--

ample IV, -
' Ezample VII—Amino G-acid

Thirty-two grams of amino G-acid diazotized
with 7 grams sodium nitrite, 80 c¢. of 37% hy-
drochioric acid, and about 1 liter of water, makes
a very stable diazo solution, even to boiling.
Sixteen minutes exposure makes good prints. An
iron accelerated paper in 3 minutes exposure,
developed with Nevile and Winther's acid shows
marked acceleration, . o C

Iron also functions succeéssfully with other
materials, such as xylidine, para toluidine, and
dichloro aniline, .

Ezxample VIII.—Dichloro aniline

Thirty-three grams of dichloro aniline, dis-
solved with 200 cc. of 37% hydrochloric acid,
diazotized with' 16 grams of sodium nitrite and
about 800 cc. of water, makes & paper which

A six minute exposure and -

may be exposed for 16 minutes and developed
with resorcin to form a good print. An iron ac-
celerated paper prepared as in Example IT makes
a similar print in 3 minutes, during which time
the control shows no contrast.

Example IX.——Orthé amino anisole

Twenty-four and a half grams of ortho amino
anisole is diazotized. The diazo solution is light
yellow and does not noticeably. decompose on
storage, or upon coating paper and drying. After
16 minutes exposure and development with beta

‘naphthol, it gives a bright red print. '

Control paper, and accelerated papers were
made as above indicated for copper and chre-
mium and for iron was modifled by substituting
the same amount of ammonium ferric oxalate
(NH4) 3Fe(C204) 3.4H20.

The confrol blank shows no effective printing
at 6 minutes and slight printing at 9 minutes. .

The copper paper in 3 minutes shows printing
whereas the control at 3 minutes shows no print-
ing. The chromium paper shows more print-
ing than the copper in 3 minutes. The iron paper
in 3 minutes makes a useful print. Bleeding is

noticeable in the control, but in the accelerated

papers it is absent.
Ezample X —Dianisidine

Thirteen and eight-tenths grams of dianisidine,
225 ce. of 37% hydrochloric acid, 8 grams of so-
dium nitrite, and about 10 liters of water are

- used to diazotize in the usual manner. The diazo

solution is very stable to storage and to boiling,
and stability may be further improved by adding
maore acid. : ’
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A 10 minute exposure and development with

H-acid forms a blue print. A control paper in
two minutes exposure shows little printing, but
an lron paper is completely prinied in two min-~
utes. ’

Copper and chromium papers are slower anid
apparently of equal speed. In four minutes they
are satisfactorily printed, but in € minutes they
are properly printed and much superior to the

. control in 6 minutes,

- Ezxample XI—Para amino divhenylamine

For the purpose of illustrating another point
the case of para amino diphenylamine is men-
tioned, not as an example of the invention, but
in explanation of an. important point in connec-
tion with it. This material forms 2 very stable
diazo solution which can be developed to a black
print by phloroglucin and to an attractive blue
by H-acid. It is very light sensitive and appears
to be at least as sensitive or is more sensitive than

_ fhe iron accelerator, when a paper is made and

iron is incorporated as previously described. This
example 1llustrates the fact that not every diazo
solution, even though one be stable, is capable of
being accelerated by iron with oxalate. I do not
state that it is inecapable of acceleration, for other
material or other combinations which create the
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accelerator more speedily might also accelerate -

this particular diazo compound. It is also pos-
sible that an accelerator for the accelerator, for
example, one for ferric oxalate, may be found,
which would cause the iron paper to be effective.

- . Example XII—Para phenetidine

Twenty-seven and a half grams of para phenet-
idine are. diazotized with about 2 liters of water;
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6
60 grams of R-acid, as a coupling agent are pres-
ent in the diazo scolution, but it does not couple
in the acid solution and it can be made to couple

by adding alkali to the solution, or to the paper
coated therewith, either before or after exposure.

Diazo papers of this type are used extensively in.

the commercial art, wherein it is a practice to
subject the exposed paper to moist ammonia gas.
These are called ammonia development papers,
further described in U. S. Patent No. 1,444,469 to
Koegel et al.

Para phenetidine in diazo solution, without
coupling agent requires about a 16 minute ex-
posure, and is an example of dye-forming amines
which are too slow for commercial use in the
ammonia development process. By adding an
accelerator according  to this invention, such
amines may be made useful for commercial
speeds of printing.

A control and an accelerated paper may be -

made from the potentially reactive dye-forming
diazo solution above described by adding the in-
gredients in the proportions hereinabove given
as generally applicable to these examples.

A control paper exposed for 3, 6 or 9 minutes
showed no signs of diazo decomposition.

An iron accelerated paper showed decomposi-

-tion of the diazo compound in 3 minutes’ ex-

posure. A copper accelerated paper showed no
more -decomposition than the blank. A chro-
mium accelerated paper showed slight decom-
position in 3 minutes, but even. in 9 minutes it

minutes. Acceleration in the above, as in all
cases, has been determined by the character of
the prints.. In this case ammonia fumes from
26° Bé. ammonia water have been used for devel-
opment, rather than a developer solution, as used
in other examples.

Ezxample XIII—Other combustion agents

In the foregoing oxalic acid added as such or
as an oxalate is the combustion agent, which is
oxidized during the reduction by light of the
higher oxide to a lower oxide. Citric acid and
tartaric acid are also effective with iron, chro-
mium and copper.

2-amino anisol may be diazotized to formed a
1/10 molar diazo solution in the usual way. Con-
trol and accelerated papers have been made as
above described, using in the amount specified
either oxalic acid, citric acid, tartaric acid, or mo
such acid, each case in combination with the
amount specified of ferric chloride, cupric chlo-
ride, potassium dlchromate or no. accelerator.
In the four combinations with no organic acid
(combustion agent) very. poor and indistinct
prints result in & fixed time of exposure and de-

-velopment with Nevile and Winther’s acid. In

the combinations using no metals the results were

, also indistinct and poor. In the combinations of

iron and the three-acids, the prints were clear and

" distinet. . In the four cases of copper, all prints
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were faded and “washed out” in appearance, but
those three having the acids show more clarity

-. than the. one with no acid. In the four cases

.of chromium, the results were better than with

'no metal, better than with copper, but not so
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good as with iron.

This experiment further 111ustrates the supe-
riority of iron, the equivalency of citric acid, tar-
taric acid, and oxalic acid, and the specificity of
combinations.

In the foregoing experiments of this example.
‘the developer unless otherwise specified contained
] .

20, 708

10 grams of Nevile and Winther's acid and 10
grams anhydrous potassium carbonate per liter.
For the iron papers, the developer had in addition
90 grams of potassium oxalate (K2C:04.H20) per
liter. For the chromium and copper papers the
potassium carbonate as the alkaline agent, and
the potassium oxalate as the cleaning agent, have
been replaced by the alkaline cleaning agent tri-
ethanol amine to the extent of 10 grams per liter.

The_control and accelerated papers

10

In ordinary diazotizing processes the residual '

acidity, usually of hydrochloric acid, in the diazo-
tized solution used for coating, leaves the dried

“coating acid in character. In making control and

accelerated papers as above described, the addi-
tion of oxalates, citrates, tarfrates and the like
replaces the stronger hydrochloric acid with a
weaker organic acid, such as oxalic, eltric or tar-
taric. These are less destructive and corrosive,
and form a better paper for commercial use. -

Although the present invention has been gener-
ally described and illustrated by reference to the
printing of papers, like blue prints, usually for
records and drawings, it is not limited to such a
fleld. Tt may be applied to printing cloth for
dress goods, household purposes and the like, for
making wall papers and in any other field where
dye-stuffs in design form may be desired.

Exposure for partial and complete decomposi-
tion of diazo coatings may be effected, and by
development; no color, high color, and a variety
of tones of color may be effected at one time,
Various developers can be printed onto an ex-
posed coated or impregnated surface to give dif-
ferent colors in the design.

The field becomes more practical and open to
such a process because more stable dyes may be
used. The fact that the accelerator may mor-
dant the dyestuff also aids in producing more
stable and fast colors by the light process, than
has been possible heretofore in the art.

The use of the present invention in printing
cloths and papers with art designs permits elimi-
nation of plates, and rolls, cut or engraved. The

_usual copper rolls used in printing textiles are

expensive and require a large production to meet
the cost. Because light stencils, comparable. to
tracings of drawings, may be used, a small pro-
duction of special designs may be effected at low
cost by use of this invention.

The invention is not limited to making diazo

‘solutions in the order of addition found in the

above description. I have changed the method of
diazotization in numerous ways, and have added
the accelerating agent,,such as the iron com-

pound before diazotization without loss of the ac-

celerating effect.

In general, it appears that there is an unordered
speciﬂcity of materials and combinations which
might be thoroughly explained as an ordered one
if sufficlent combinations were studied. Iron
with oxalate, appears to be most universally spe-
cific, and most advantageous.  Copper and chro-
mium sometimes appear fully equivalent to iron,

‘or to each other, or one or both sometimes ap-
‘pear ineffective.

» It is to be understood that no
general limitations should be placed upon any

.material, and that the invention should not be

limited by nor to the disclosures herein made.
The disclosure clearly teaches one skilled in

‘the art that he may modify the combinations

herein disclosed and use other materials having
the characteristics herein described, and in the
combina.tlons herein described, ‘without depart-
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‘ing from the spirit and scope of the invention as

expressed in the appended clailms.

I claim:

1. A photographic article comprising a carrier
having a thin layer of material containing a
light-sensitive diazonium compound and the es-
sential component parts of a light-sensitive salt,
one component part being a higher oxide form of.
a metal having two oxide forms, and another part
being organic in character and being a reducing
agent under the influence of light for reducing
the higher oxide form to a lower oxide form, the
lower oxide form serving after its formation by
light to aid in the decomposition of the diazo-
nium compound.

2. A photographic article comprising a carrier
having a thin layer of material containing a
light-sensitive diazonitin compound, a compound
having metal in higher oxide form selected from
the group consisting of iren, chromium and cop-
per, and a combustion agent for said form of
selected metal, the metal compound and the com-
bustion agent -being reactive tcgether under the

. influence of light to create an accelerating agent
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for the decomposition of the diazonium com-
pound.

3. A photographic article comprising a carrier
having a th'n layer of material containing a
light-sensitive diazonium compound, a compound
having metal in higher oxide form selected from
the group consisting of iron, chromium and cop-
per, and an organic combusiion agent for said
form of selected metal, the metal compound and
the combustion agent being reactive together
under the influence of light to create an accel-
erating agent for the decomposition of the dia-
zZonium compound.

. 4. A photographic article comprising a carrier
having a thin layer of material containing a
light-sensitive diazonium compound, a compound
of metal in a h'gher oxide form selected from

the group consisting of iron, chromium and cop-

- per, and a combustion agent for said form of
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selected metal, said agent being selected from the
group of tartaric acid, citric acid, and oxalic ac'd,
the metal compound and the combustion agent
being reactive together under the influence of

" light to create an accelerating agent for the

decomposition of the diazoniim compound.

5. A photographic article comprising & carrier
having a thin layer of material containing a
light-sensitive diazonium ecompound, a ferric

-compound, and a combustion agent for said fer-

ric form of iron, said ferric compound and the
combustion agent being reactive together under
the influence of light to create an accelerat'ng
agent for the decomposition of the diazonium
compound.

6. A photographic article comprising a carrier
Jhaving a thin layer of material containing a
light-sensitive: diazonium compound, a ferric
compound, and & combustion material contain-
ing an acid radical from the group cons'sting of
the acids, citric, tartaric and oxalie, said ferric
compound and the combustion  material being
reactive together under the influence of light to
create an accelerat'ng agent for the decomposi-

_tion of the diazonium compocund. )
7. A photographic article comprising a, carrler

having a .thin layer of material contalning a
light-sensitive diazonium compound, a ferric
compound, and a combustion material contain-

‘ing an oxalate radicle, said ferric compound and

tl:_xe combustion material being reg.ctlve together

7

under the influence of light to create an accel-
erating agent for the decomposmon of the dia-
zonium compound.

8. A photographic article comprising a ca.rrier
having a thin layer of material containing a
light-sensitive diazonium compound, a cupric

pric form of copper, said cupric compound and
the combustion agent being reactive together
under the influence of light to create an accel-
erating agent for the decomposition of the dia-
zonium compound.

9. A photographic article compnsmg a carrier
having a thin layer of material containing a
light-sensitive d‘azonium compound, a compound

containing a higher oxide iform of .chromium,

- compound, and a combustion agent for said cu-
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and a combusticn agent therefor, said chromium

compound and the combustion agent being reac-
tive together under the influence of rght to cre-
ate an accelerating agent for the decomposition
of the diazonium compound.

10. A light-sensitive material
normally slowly decomposable Ilight-sensitive
dye-forming diazonium compound and a lighi-
sensifive oxalate salt of a hiigher oxide of a met-
al having a lower oxide form, which sali is re-
ducible by Fght to a compound of a Iower oxide

. of said metal, whereby in the reduction to pro-

20

confaining a .-

duce an agent effective in the decomposition of

the diazonium compound.
i1. A light-sensitive material containing a nor-

. mally slowly decomposable’light-sensitive dye-

forming diazonium compound and a. light-sensi~

. tive ferric oxalate salt, whereby on exposure to

30

I'ght the decompesition of ferric oxalate hastens 35

the decomposition of the diazonium compound.

12. A light sensitive material containing a de-
compasable diazonium compound incapable when
decomposed of combining with a coupling agent
to formm a dyestuff, and accelerafing material
for said decomposition intimately associated with
said diazonium compound, said acce]era.ting ma~-
terial having a reducible substance in the form
of a compound of a metal in higher oxide form
selected from the group consisting of iron, cop-

denved from the group consisting of oxalic acid,
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_per and chromium, and s combustion substance |

cltric acid and tartaric acid, the combination of

diazonium compound, reducible substance, and
combustion substance being such that under the
influence of light the decomposition of the dia-
zonium compound is hastened by the presence
of a compound having a lower oxide form of the
metal, and such that under the influence of light
the combustion substance redices the higher
oxide form of said metal fo the eﬂ'ective lower
oxide form. -

13. A light sensitxve materml ‘containing a de-
composable diazonium compound incapable when
decomposed - of combining w'th a coupling agent
to form- a dyestuff, and accelerating material for
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said decomposition: intimately associated with

said diazonium compound, said.accelerat'ng ma-

terial having ‘a reducible substance in the form
of & compound of a metal in higher oxide form

selected from the group consisting or iron, cop-

per and chromium, and a- combustion agenf, for - -

sald higher oxide form of metal, the combination
of diazonium compound, reducible substance and
combustion agent being such that: under the in-
fluence of light the decomposition is hastened
by the presence of a compound having a lower
oxide form of the metal, and such that under the

70

influence of light the combustlcgn agent 'reduces 75
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the higher oxide form of said metal to the effec-
tive lower oxide form.
14. A light sensitive material containing a de—

- composable diazonium compound incapable when

decomposed of combining with a coupling agent
to form a dyestuff, and accelerating material
for said decomposition intimately associated with
said diazonium compound, said accelerating ma-
terial having a reducible substance in the form
of compound of a metal in higher oxide form re-

. dueible to lower oxide form, and a combustion

156
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. said diazonium compound, said accelerating ma-

substance derived from the group consisting of
oxalic acid, citric- acid, and tartaric acid, the
comb:nation of diazonium compound, reducible
substdnce, and combustion substance being such
that under the influence of light the decomposi-
tion of the diazonium.compound is hastened by
the presence of a compound having a lower oxide

. form of the metal, and such that under the in-

fluence of light the combustion substance reduces
the higher oxide form of said metal to the effec-
tive lower oxide form. :

15. A light sensitive material containing a de-
composable diazonium compound incapable when
decomposed of combining with a coupling agent
to form a dyestuff, and accelerating material

for said decomposition intimately associated with

said diazonium compound, said accelerating ma-
terial having a reducible substance and a éom-
bustion agent combined together in the form of
a light sensitive ferrioxalate salt reducible by
light to form a compound of ferrous oxide, the
combination of diazonium compound and ferri-
oxalate salt being such that under the influence
of light the diazonium comnound decomposes
faster by virtue of the presence of the ferrous
oxjde compound formed by the effect of light.

16. A light sensitive material containing a de-
compcsable diazonium compound incapable when
decomposed- of combining with a coupling agent
to form a dyestuff, and accelerating material for

'said decomposition intimately associated with

said diazonium compound, said accelerating ma-
terial having a reducible substance in the form

' of a compound of a ferric form of iron, and a

combustion agent therefor, the combination of
diazonium compound, reducible -substance, and
combustion substance being such that under the
influence of light the decomposition of the di-
azonium compound is hastened by the presence
of a compound having a lower oxide form of the

‘metal, and such that under the influence of light

the combustion substance reduces the higher ox-
ide form of sa.ld metal to the eﬂ'ective lower oxide
form.

17. A light sensitive material containing a de-

composable diazonium compound incapable when

decomposed of combining with a coupling agent
to form a dyestuff, and accelerating material for
said decomposition intimately associated with

terial having a reducible substance in the form of
a compound of a ferric form of iron, and a com-

. bustion agent therefor derived from the group

consisting of oxalic acid, citric acid and tartaric
acid, the combination of diazonium compound,
reducible substance, and combustion . substance
being such that under the influence of light the

- decomposition of the diazonlum compound is
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hastened by the presence of a compound having
a lower oxide form of the metal, and such that
under the influence of light the combustion sub-
stance reduces the higher oxide form of said
metal to the effective lower oxide form.

18. A light sensitive material containing a de-

20,708

composable diazonium compound inqapable when
decomposed of combining with a coupling agent

to form a dyestuff, and accelerating material for -

said’ decomposition intimately associated with
said diazonium compound, said accelerating ma-
terial having a reducible substance in the form
of a compound of a higher oxide of copper, and
a. combustion agent therefor, the combination of
diazonium compound, reducible substance, and
combustion substance being such that under the
influence of light the decomposition of the di-
azonium compound is hastened by the presence of
a compound having a lower oxide form of the
metal, and such that under the influence of light
the combustion substance reduces the higher ox-
ide form of said metal to the effective lower oxide
form.

19. A light sensitive material contammg a de-
composable diazonium compound incapable when
decomposed of combining with a coupling agent
to form a dyestuff, and accelerating material for
said decomposition intimately associated with
said diazonium compound, said accelerating ma-
terial having a reducible substance in the form
of a compound of a higher oxide of copper, and
a combustion agent. therefor derived from -the
group consisting of oxalic acid, citric acid and tar-
taric acid, the combination of diazonium com-
pound, reducible substance, and combustion sub-
stance being such that under the infiuence of
light the decomposition of the diazonium com-~
pound is hastened by the presence of a com-
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pound having a lower oxide form of the metal, -

and such that under the influence of light the
combustion substance reduces the higher oxide
form of said metal to the effective lower oxide
form.

20. A light sensitive material containing a de-

“‘composable diazonium compound incapable when

decomposed of combining with a coupling agent

-to form a dyestuff, and accelerating material for

said decomposition intimately associated with
said diazonium compound, said accelerating ma-
terial having a reducible substance in the form
of a compound of a higher oxide of chromium,
and a combustion agent therefor, the combina-
tion of diazonium compound, reducible substance,
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and combustion substance being such that under

the influence of light the decomposition of the
diazonium compound is hastened by the presence
of a compound having a lower oxide form of the
metal, and such that under the influence of light
the combustion substance reduces the higher ox-
ide form of said metal to the effective lower oxide
form.

21, A light sensitive material containing a de-
composable diazonium compound incapable when

“decomposed of combining with a coupling agent

to form a dyestuff, and accelerating material for
said . decomposition intimately - associated with
sald diazonium compound, said accelerating ma-
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terial haying a reducible substance in tlie form of -

a compound of a higher oxide of chromium, and
a combustion agent therefor derived from the
group consisting of oxalic acid, citric acid and

-tartaric acid, the combination of diazonium com-

pound, reflucible substance, and combustion sub-
stance being such that under the influence of
light the decomposition of the diazonium com-
pound is hastened by the presence of a compound
having a lower oxide form of the metal, and
such that under the influence of light the com-
bustion substance reduces the higher oxide form
of said metal to the effective lower oxide form.
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22, The method of accelerating the decompo- 75
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sition of a diazonium compound which comprises
.combining with the diazonium compound light
sensitive material containing a metal compound
of higher oxide form of the metal and a combus-

5 tion agent therefor, which material under the in-
fluence of light and in the presence of the di-

azonium compound is reactive to produce a com-
pound of lower oxide form of the metal, and
subjecting the mixture to the action of actinic
light, whereby the lower oxide form promotes de-
composition of the diazonium compound.
WALKER M. HINMAN.




