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Thig invention relates to the development of this process are subject to the discoloration de-
Photo-prints of the diazo type, and particularly scribed above. |
to developers which eliminate or reduce the dis- In other forms of diazo printing papers, the
coloration which commonly occurs when exposed diazo compound and the azo-dyestuff-forming
and developed diazo prints are exposed to the s component or coupling agents are both present
action of actinic light, in the light-sensitive layer, but they are prevent-
One of the principal disadvantages of diazo ed from coupling to form an azo dye by one of
type photographic papers has been the lack of several means; usually by the presence of acid
stability in the white areas of the finished print. in the light sensitive layer, since coupling is in-
In one commonly used method for preparing 1o hibited by acid. Such papers are exposed in the
and using diazo-type papers, the paper (or other same manner as above described, and are then
support as film, cloth, etc.) is coated with a layer developed by alkali alone. This can be applied
comprising g light-sensitive diazo compound, in the form of an aqueous solution, for example,
which is capable, under proper conditions, of cou- & solution of an alkaline salt of an alkali metal;
pling with a azo-dyestuff-forming component to 15 in which case the residue remaining after devel-
form an azo dye. When such & paper is exposed opment is the same as in the previous case, and
to light under a tracing or other:transparent discoloration proceeds in the same manner.
positive to be duplicated the diazo compound in A third type of diazo paper Is sensitized with
those areas which are transparent in the original & dlazo compound and an azo-dyestuff-compo-
positive is decomposed. In those areas which g nent in acid medium, and after exposure is devel-
are opaque in the original positive, the diazo oped by passing through an atmosphere satu-
cdmpound is not affected. rated with ammonia and water vapor. .Under
Such an exposed paper is developed by apply- these conditions, development occurs. However,
ing to the exposed surface an azo-dyestuff-com-  development is generally slow by this method,
ponent such as phloroglucinol or other phenolic 5 and in addition the fumes of ammonia are objec-
compounds, in a solution made alkaline by the tionable. Special apparatus must be provided to
addition of an alkaline salt of an alkali metal - Dbrevent. escape of the ammonia fumes, and in
or a mixture of such salts. In this alkaline me- many cases the contrast between white and dark
dium the azo-dyestuff component couples with areas is not asgreat as desirable.
the unaltered diazo compound in the areas not gy According to this invention, by the use of
aflected by light, forming an azo dye. No cou- other alkaline substances in place of the alkali
pling, of course, occurs in the areas which have  mMetal salts commonly used, it is possible to re-
been exposed to light. In the process, commonly duce or eliminate this discoloration. We have
‘referred to as the “semi-dry process,” the devel- found that the use of volatile amines in the de-
oping solution is applied to the paper surface in g5 veloping solution makes it possible to obtain sat-
& thin film and the paper is dried without wash- isfactory development of the exposed papers, and
ing or other means of removing unreacted chem- at the same time reduce the extent of the discol-
icals. oration of the white areas upon subsequent ex-
Positive diazo prints prepared in this manner bosure of the developed prints to light. While
show desirable properties when first thade, in- 40 the invention is not limited to the specific amines
cluding satisfactory dark lines and satisfactory disclosed, but includes any volatile amine as de-
white areas. However, there remains in the fined above, amines which can be used in this
white areas a residue which includes the decom- manner under this invention include diethyl-
position” products of the diazo compounds, the amine, triethylamine, morpholine, ethylenedi-
azo-dyestuff-forming component of the develop- 45 amine, monoamyl amine, and the various meth-
er, and residual alkali from the developer. Un- ylamines.
der conditions of exposure to light during use, The volatile amine can be applied in agueous
and particularly when the prints are exposed to~  solution, together with the azo-dyestuff-forming
sunlight or other actinic light, these substances component, to develop a diazo paper which con-
react to form yellow or brown colored products, 50 tains only the diazo compound in the light sensi-
which discolor the white areas and reduce the tive layer; or the volatile amine can be applied

contrast between the white and dark areas. Var- alone to a paper which containg the diazo com-
ious means have been suggested and tried for pound and the azo-dyestuff-forming component
overcoming this discoloration, including for ex- in the light-sensitive layer. -

ample the use of reducing agents in the develop- 55 A probable explanation for the reduction in
er, but no method has been found which elimi- discoloration caused by the use of volatile amines

nates the trouble, and diazo prints ag made by as alkaline agents les In the nature of the resi-




-dues remaining on the white areas in the de-

veloped diazo print. The substances commonly .

used &as azo-dyestufl-forming components or
coupling compounds are phenolic in nature, e. g.
phloroglucinol, resorcinol, and various substi-
tuted phenolic substances. In addition, it is be-
lieved that the decomposition products of the
diazo. compounds formed under the action of
light “during exposure are also phenolic com-
pounds. It is a well known fact that phenolic
compounds are darkened by oxidation, and that
oxidation of these bodies is accelerated in alka-

line medium. It is believed that the discolora-.
tion of the white areas is caused by oxidation

of such phenolic compounds, which is accelerated
by any residual alkali remaining from the de-
veloper.

While our invention is not limited by this
hypothesis, this theory offers a possible explana-
tion for the beneficial effect of the volatile amines
used In developers according to this invention.
A volatile-amine added to the developer renders
it alkaline so that coupling .between the diazo
compound and the azo-dyestuff-forming com-
ponent can take place. Upon subsequent drying
of the moistened sheet, the amine being volatile
evaporates, leaving no alkaline residue to accel-
erate discoloration. For this reason, discolora-
tion Is reduced. :

While it has been found that volatile amines
In general produce a beneficial effect in stabiliz-
ing the white areas of the developed diazo paper,
as described above, there are definite differences

among the various volatile amines in the degree .

to which they prevent discoloration. We prefer
the use of diethyl amine or morpholine, but the
scope of this invention is not limited to these
specific substances. ]

' We have also found that it is advantageous to
incorporate a non-volatile acid substance in the
developer with the volatile amine, in a quantity
less than an amount chemically equivalent to
the quantity of amine used, so that the developer
is alkaline in reaction (pH greater than 7). This
has two effects: Pirst it reduces the alkalinity of
the developing solution, thus aiding in prevent-
ing deterioration of the developer before use,
since oxidation and hence deterioration of the
developer is greater in a more alkaline solution.
Second, 1t stabilizes the residue remaining on the

‘paper after development, ensuring that it will re-

-

main slightly acidic after evaporation of thé ex-
cess amine. It is found that when a solution
containing a non-volatile acid, and a  volatile
amine in excess, which has a pH greater than 7,
Is evaporated, and the residue dissolved in water,
the pH of the resulting solution is less than 7.

. 'Typical examples of such mixtures, with the pH

of the original solution and the pH of the final

solution, are given in the following Table I.
Tasrte I
’ . Solution of residue
Init.ial solution in water
Solution
Volume pH Volume PH
Diethyl amine (in ex-
cess) and oxalic acid...[ 25ml. 10.73 25 ml, 5. 90
Morgholine (in excess)
and oxalicacid_....____ 25 ml, 8.32 25 ml. 6.90

The data in Table I indicates that ﬁvhen a solu-
tion containing a non-volatile acid and a volatile
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amine is evaporated, the residue remaining is
acid in reaction. ‘ S .
The following examples serve to illustrate this

‘invention, but are not intended to limit it there-

to:

Ezample 1.—0.6 g. of phloroglucinol and 10.0 g.
of morpholine are dissolved in 100 ml. of water.
Paper previously coated with a light sensitive
diazo compound and exposed under a patfern or
tracing is developed by lightly coating it with the
above solution and allowing it to dry. The lines
or dark areas are a deep red brown and the
white areas are a clean white.

Other methods of applying the developer, such
as by dipping or immersing the exposed print, or
by spraying, can also be used, and are within the
scope of this invention, Data on the pH of this

" solution, discoloration of paper developed as de-

scribed above, and DH of a solution of residual
material left on the paper after developing and
drying are appended below in Table II. ;

Example 11.---0.8 g, of phloroglucinol and 8.3 g.
of diethylamine are dissolved in 100 ml. of water.
A diazo paper made and exposed as described .
above is developed with this solution and dried.
Data on pH of this solution, original color and
color after exposure to sunlight, and pH of resi-
due remaining after development and drying are
given in the table below, together with similar
data for the other examples given.

Ezample 111.—Phloroglucinol, 0.6 g., diethyl-

-amine 8.3 g., and oxalic acid, 6.8 g., are dissolved

in 100 ml. of water. This solution is used as a
developer-in the manner described above or in
any other manner, : ‘ .

Ezample IV.—Resorcinol, 0.5 g., diethylamine,
10.0 g. and oxalic acid, 6.8 g. are dissoived in 100
ml, of water. :

Ezample V.—Phloroglucinol, 0.3 g., diethyl- .
amine 9.2 g., oxalic acid 6.8 g., and resorcinol, _
0.3 g., are dissolved in water, 106 ml. .

Erample VI1.—To the developer from Example
IIT is added sodium thiosulphate, 10 g., and the
solution is used as a developer as before. Im-.
proved stability of the white area results,

The following table gives data relative to the

. Ioregoing developers including pH ‘as prepared;
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relative whiteness of exposed areas onh & com-
merclal diazo-sensitized paper; immediately after - -
development and drying, relative: whiteness after
exposure to sunlight, and pH of washings from .
the paper after development and drying. Thesé
data ‘clearly show the increased acidity of the

residue remaining on the paper wheii amines are
“used in the developer. For comparison, similar "
‘data with a'commercial developer (designated as

“Developer A™), and with a developer prepared

with a non-volatile alkaline salt and an amount

of oxalic acid less than equivalent to the amount
of alkali (designated as “Developer B”) are also
given. The composition of Developer B is as fol-
lows:

Developer B .
Potassium carbonate .__.____________ g_-.. 112
Phloroglucinol . ____________._- g 08
Oxalle aeid e g--~- 6.8
Water to make_..___________. ____ ml__._ 100
“Developer A” has the following compdsition H
Carbonate, as potassium carbonate--g_;__ 3.4
Thiosulphate, as sodium thiosulphate.g__.__ 4.7
Chloride, as sodium chiloride._.______ geueo 3.0
Phloroglucino] and resorcinol.__.____ 8o 07

Water to make_.___________._ 'em—-ml..__ 100

o
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TasLE IT
Characteristics of typical developers
Relative
pH of Rvslhaittieve white-
wash- pon " ness .
- ings | pats after Color of
p devel- | (20T | exposure | dark areas
oped § expfs_ to sun-
papert | wret | BESLOT
Example I.___ 9.34 5.75 7 6 Dmik pur-
ple.
Example II___j. 1L15] - 562 6 3 Do,
Example IXT. . 8,13 5,62 3 4 Do.
Example IV.. 9.80 5.91 1 1{0Orange
brown.
Example V__. 9.80 5.70, 2 2.| Brownish
. black.
Example VI_. 8.18 5. 60 5 5 Dmik pur-
ple.
Developer A 7.97 6,28 4 7 | Brownish
black.
Developer B 8.28 6.86 8 8 Daxik pur-
; ple.

! Washings from an area 1/ x 4/ with 25 mi. of dxsm]ed water.
? 1, whitest; 8, least white.

- The increased stability of the white areas re-

suiting from the use of volatile amines in the

“developer is clearly shown in the above table,

.

which shows that papers treated with Developers
A and B after exposure to light had poorer whites
than any of the other papers, even though De-
veloper A showed quite good whites  initially;
while the darkening of papers developed in solu-
tions containing amines was less serious.

We claim:

1. In a method of preparing diazo photo prints
whereby discoloration of “white areas” is in-
hibited, the step of developing such prints which
comprises contacting the sensitized paper or simi-
lar supporting material with a developing liquid
containing an azo-dyestuff-forming compound
and a volatile amine, said developing liquid hav-
ing a pH greater than 1.

-3.-In a method of preparing diazo photo prints
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whereby discoloration of “white areas” is in-"
hibited, the step of developing such prints which

comprises contacting the sensitized paper or
similar supporting material with a developing
liquid containing an azo-dyestuff-forming com-
pound and diethylamine, the developing liguid
having a pH greater than 7.

3. In a method of preparing diazo photo prints

whereby discoloration of “white areas” is in-.

hibited, the step of developing such prints which
comprises contacting the sensitized paper or
similar supporting material with a developing
liquid containing an azo-dyestuff-forming com-
pound, & volatile amine, and a non-volatile acid,
the developing liquid having a pH greater than 7.

4, In a method of preparing diazo photo prints
whereby * discoloration -of “white areas” is in-
hibited, the step of developing such prints which
comprises contacting the sensitized paper or
similar supporting material with a developing
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liquid containing an -azo-dyestuff-forming com-
pound, a volatile amine having a degree of vola-
tility of the general order of that of diethyl-
amine, and a non-volatile acid, the developing
liquid having a pH greater than 7.

5. In a method of preparing diazo photo prints
whereby discoloration of “white areas” is in-
hibited, the step of developing such prints which
comprises contacting the sensitized paper or
similar supporting material with a developing
liquid containing an azo-dyestuff-forming com-
pound in the form of a phenolic substance and a
volatile amine, said developing liquid having a pH
greater than 7.

6. In a method of preparing diazo photo prints
whereby  discoloration of ‘“white areas” is in-
hibited, the steps of effecting development of said
prints which - include, contacting the gensitized
paper or similar supporting material with a liquid
volatile amine.

7. A developing liquid for diazo photo prints
having the property of inhibiting discoloration
of the “white areas” of sensitized paper or similar
supporting material after contact with said de-
veloping liquid, said developing liquid having a
pH greater than 7 and containing an azo-dye-
stuff-forming compound and a volatile amine,

8. A developing liquid for diazo photo prints
having the property of inhibiting discoloration
of the “white areas” of sensitized paper or similar
supporting material after contact with said de-
veloping liquid, said developing liquid having a
pH greater than 7 and containing an azo-dye-

'stuﬂ-forming compound and diethylamine,

9. A developing liquid for diazo photo prints
having the property of inhibiting discoloration
of the “white areas” of sensitized paper or similar
supporting material after contact with said de-
veloping liquid, said developing liquid having a

-pH greater than 7 and containing an azo-dye-

stuff-forming compound, a non-volatile acid, and
a volatile amine.

10. A developing liquid for diazo photo prints
having the property of inhibiting discoloration
of the “white areas” of sensitized paper or similar
supporting material after contact with said de-
veloping liquid, sald developing liquid having a
pH greater than 7 and containing an azo-dye-
stuff-forming compound, a non-volatile ac1d and
diethylamine.

11. A developing liquid for diazo photo prints
having the property of inhibiting discoloration
of the “white areas” of sensitized paper or similar
supporting material after contact with said de-
veloping liquid, said developing liquid having a
PH greater than 7 and containing an azo-dye-
stuff-forming compound, a non-volatile acid, a
volatile amine having a degree of volatility of the
general order of that of diethylamine,

CLYDE A. CROWLEY,
JOHN B, MULLEN.




