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opaque, - translucent, or transparent, but

To all whom it may concern.: _ :
a preferably is mounted on a transparent car-

Be it known that" I, Roperr JouN,

_citizen of the United States, residing at rier such, for example, as glass or a cellulose

New York, in the county of New York and base, in order that the silver salt emulsion
State of New York, have invented a certain may be exposed to the modified light

- 1912, at page 124, under the title

new and useful Multiple-Step Process ~of-

Photographic Reproduction,. of .which the
following is a specification. -
My invention relates to a multiple step

through its transparent carrier.- ,

. The emulsion then is treated by a develop-
and hardening process comprising a
of steps so that the emulsion can

-1,
plurality

process of photographic reproduction and be examined at an. intermediate stage or 65

has for its object to produce a printing sur-
face containing a photographic record of.
lights and shades from which copies can
be made by a dye or ink contact transfer
rocess, An illustrative dye contact trans-

er process is disclosed in patent to Shep-

herd and Bartlett, No. 728,310, granted May
19, 1908, for photographic printing, and
an illustrative ink contact transfer process
is " disclosed -in Cassell’s Cyclopaedia of
Photography, Cassell & Co., New: York,
‘Collotype,”

it being understood, however, that the proc-
esses thus illustrated do not use a printing
plate having -the novel and beneficial char-

acteristics of the printing plate disclosed.

herein. Although the preferred method is
to obtain’ the photographic record for the
printing surface from a completed negative,
it may be obtained by direct exposure, as,
for example; in a camera, the details of

. which method are disclosed in a copending
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application for Letters Patent Serial No.
397,890, filed October 2, 1919, for process of
photographic reproduction directly frem a
negative. The printing surface when
treated ‘with dye or ink also may be used
in the same manner as a positive,-either for
direct view, or with reflected light, or with
transmitted light as in a projecting machine.

The invention . is applicable to- mono-

. chromatic,” polychromatic, or natural color

&0

photography both in still photography and
in motion picture photography. The term
“color” is intended. to inc%ude “black,” which
sometimes technically is designated as an

-absence of color. - .

In the embodiment of my invention
chosen for purposes of illustration, a sensi-
tized emulsion such as a silver salt emulsion
is gxposed to the action of light modified by
the lights and shades of the ctompleted

. negative which it is desired to reproduce.
. The silver salt emulsion may be carried or

mounted on ahy desired support, either.

stages and the remaining step or steps

adapted to produce with great certainty the

desired result. The process is adapted to
render ‘insoluble or unremovable the emul-
sion adjacent its light-affected, light-sensi-
tive content,.after which the soluble un-
hardened or removable portions of emulsion

70

are removed in any desired manner, as for

example, by melting with warm water.
~' The result-of the above treatment is the

76

production of what may be termed a print- ' -

ing surface having novel characteristics and

- beneficial properties never before attained.
The most important” of -the novel charac-

. teristics is a printing or reproducing sur-

-face comprising.granules or great numbers
of photographically formed; extremely mi-
nute, individual protuberances which are

distributed and grouped irregularly so as to

repiesent photographic lights and shades.

80

The most important of the beneficial .

properties is that such a printing. surface
when treated 'with a dye, in'lli), or other color-
ing matter, will absorb or take up or carry
‘the coloring matter within a few seconds,

and when thus treated and placed in con-

-tact with a substance which 1s to carry the
final reproduction such. for example as a
gelatin, will give up its coloring matter
practically instantaneously and produce on
said gelatin an exact and perfect reproduc-
“tion. This speedy result, which is novel
and was impossible' of attainment before
the present invention, is of “prime impor-
tance in the production of motion. picture

_positives from motion picture negatives,

although the saving of time and theé superior
results obtainable in still photography also
_are important. The printing plate or film,
moreover, when treated with coloring mat-
ter, may be used as a positive if reproduc-
tions are not desired. -

For purposes of illustration, a two teﬁ

process will be described, the first of which- .
110

-changes the light-affected- sensitized par-
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ticles to metallic silver and partially hardens

the emulsion adjacent each particle, and the-

second of which completes the hardening of
said adjacent emulsion.

6 The first step of the embodiment chosen
“for - purposes of . illustration, comprises
treating the exposed emulsion with a de-

' veloping solution: containing a hardening

. or tanning agent which partially: renders

10 insoluble or unremovable the emulsion ad-
‘jacent its light-affected, light-sensitive con-
tent, the effect of which agent is controlled
or limited selectively by.the presence of
varying quantities of a neutralizing agent.

15 1+ A sample formula for a developing solu-

tion containing a hardening or tanning

agent the effect of which is controlled and
limited selectively by the presence of vary-
ing quantities of a neutralizing agent is as

20 follows:

-
Water, 8.5 ounces.
Pyrogallic acid; 11 grains.
etol (monomethylparamidophenol sul-
phate), 9> grains. o SR
Potassium bromide, 4 grains.
Sodium carbonate, 200 grains. .
" Sodium sulphite substantially over 60 to
80 grains. ' L
In the above sample formula the harden-
30 ing or tanning agent is pyrogallic ‘acid,
and the controlling and limiting agent is
sodium ‘sulphite which may be varied in
amount selectively within limits to obtain
the desired result. It is well known that
‘38 pyrogallic acid also is a developing agent
and  that sodium sulphite is a preservative
adapted to preveht oxidation. of the pyro-
gallic acid in solution. Other hardening

25

and tanning agents and other neutralizing:
-40 agents may be used, the above formula

representing one developing- solution by
which thé process may be carried out. The
main difference between the above -sample

formula’and standard developing formulas

46 is in the amount of sodium sulphite used.
In standard' formulas the amount of so-
dium sulphite used is-so greatly in excess

> of the amount used in the above sample

formula that the tanning or hardening ef--

50 fect of the pyrogalli¢c acid is entirely neu-
- iralized or overcome. In the sample for-
- mula, the sodium sulphite merely controls
and limits the hardening effect of the pyro-

" gallol. It is of course understood by those
55. skilled in the art that when a thick layer
~of emulsion is treated, or when the ex-

- posure is through the transparent carrier,
it is advisable, in order to accelerate the
action of the pyrogallic acid, to use larger

60 quantities of an accelerator such, for ex-
ample, as sodium carbonate or its equiva-
lents than when the emulsion layer is thin
or exposed on its face. When larger quan-
ties of sodium carbonate thus are used, it

-86 - is necessary to increass the amount of so-

2
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_dium sulphite. The above sathple formula

is for freatment of an emulsion exposed
through- its transparent carrier and there-
‘fore contains a comparatively large amount
of: sodium carbonate with'an increased 70
amount of sodium-sulphite.. In order to,ob-
tain the desired partial hardening, however,
the amount of sodium sulphite in the process. -
disclosed herein is much less than would
be used in a developing solution .for the. 75
usual development of the particular emul- -
sion layer to beé treated. Although it is
preferable for reasons of convenience to em-

‘body the -selectively controlled hardening

agent in the developer solution, it may be 80
used separately if desired, by such modifica-
tion of the ‘developer solution as will pre-
vent such a hardening. of the emulsion as
will prevent the selective hardening desired.

It is believed that the hardening or: tan- 85

ning effect of the pyrogallic acid exerts its
action first adjacent the so-called latent im-
age, or in ofher words, on the portions of
emulsion adjacent the particles of silver salts
affected by the exposure light and converted 90-

‘by the developer into metallic silver. Thus

in a silver bromide film, the throwing off '
of the bromide from a light-affected silver,
bromide particle iri the developing process,
probably reacts with the pyrogallic acid to 95
harden or tan or render insoluble or unre-
movable the adjacent emulsion. Thus in the
embodiment chosen for purposes of illustra-
tion, the reaction products from the chem-
ical effects of the developer solution, #re be- 100
lieved to react with the selectively controlled
hardening agent. The essential result is a

partially hardened emulsion surface corre-

sponding to the lights and shades to be re-
produceg. ' By controlling the hardening or 105
tanning effect of the pyrogallic acid as above~
set forth, only the particles of emulsion ad-
jacent the said light-affected particles of sil-

ver salts are hardened, the relative propor-
tions of the hardening agent (whether or-110
not accelerated by an accelerating agent) and.

of the neutralizing agent being such as to
control selectively the effective area of in- -
fluence of the hardening agent. It is prefer-

.able that only those portions of emulsion be. 115

hardened which are adjacent the carrier for
the emulsion, which may be accomplished in
various ways, some of which are diselosed

in my copending applications for Letters

Patent Serial No. 813,239, filed July 25, 1919, 120
for a thin mounted sensitized emulsion;
Serial No. 313,240, filed July 25, 1919, for
process of making a contact transfer print-
ing surface by complementary light; Serial
No. 327,891, filed Oectober 2, 1919, for po-
tassium lodide formula for photographic
processes, process of using same, and article
obtained thereby; and in my Patent No.
1,453,258, dated April 24, 1923, for process
of meking a contact transfer printing sur- 130
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35 water. :
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- 60 treating solution b
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face with a colored emulsion, and among
- which may be mentioned the exposure of the
sensitized emulsion through its transparent
carrier and the limitation of the depth to
8 which the rays of exposure‘light penetrate
by having the actinic rays of the exposure
light and the emulsion complementary in
color. -~ ~ : ,
The partially hardened emulsion prefer:
10 ably then is fixed to remove the unreduced
silver salts. : : )
As the sensitized content of the partially
" hardened emulsion has been changed to me-
- tallic silver by the action of the develop-
16 ing solution, the complete hardening of the
.emulsion. can be accomplished by treatment
with a hardening solution which reacts with
metallic silver. As the emulsion can be ex-
- amined at this intermediate stage of hard-
20 ening it is possible to vary the process of
complete hardening to obtain with great
certainty any desired printing surfaces.
The second step of the embodiment chiosen
for purposes of illustration, comprises treat-
26 ing the partially hardened emulsion with a
solution containing an agent which renders
comfletely insoluble or unremovable . the
emulsion adjacent its metallic silver content,
the effect of which agent is controlled or lim-
30 jted selectively by the presence of varying
quantities of a neutralizing agent, after
which the soluble or removable portions of
‘emulsion are removed in any desired man-
. ner, as, for example, by melting with warm

A sample formula for a tresiting. solution
containing a hardening -or tanning agent

the effect of which is controlled and limited

selectively by the presence of vary,ing uan-
40 tities of a neutralizing agent is as follows:
Water, 20 ounces. AR '

. Potassium bichromate, 1024 grains.

Sulphurie acid, 3 to 4 ounces.

Water, to 32 ounces. '

Add four (4) ounces of above solution to
twenty-eight (28) ounces of water. Use
half and %alf with water. _

- In the above sample formula the.harden-
ing or tanning agent is potassium bichro-

80 mate, and the controlling and limiting agent

is sulphuric acid which may be varied in
amount selectively within limits to obtain
the desired result.” Other hardening and
tanning agents. and other neutralizing
agents may be used; the above formula rep-
resenting one treating solution by which the
* process may be -carried out. Hydrochloric
acid, for example, as well as other acids may
be used, the above formula representing one
which the process may
be carried out. The tanning or hardening
effect of potassium bichromate on the emul-
sion surrounding a metallic silver was
known_previous to my invention, but the

i

3 1,484,026

~ method of controlling the tanning or hard-

\

8

ening effect so that a too contrasting or
paddy relief was obviated and the desired
granular printing surface obtained was not
known previous to my-invention. Thus if
potassium bichromate without any sulphur-
ic acid or with only a very little sulphuric
acid is used. to treat metallic silver im an

is s great that a too contrasting or paddy
. relief is obtained. As more acid is added,
however, the relief becomes thinner until the
point is reached where the amount of acid
added produces a relief characterized by the

granular printing surface desired:” Tt acid -

is added beyond this point, the tanning or
hardening effect of the potassium bichromate
"will be neutralized entirely so-that all the

0

. emulsion, the tanning. or hardening action

80

emulsion would dissolve from thecarrier -

-when treated with warm water.

Tt is believéd ‘that the hardening or tan--

‘ning effect of the potassium bichromate -ex-
erts its action first adjacent the particles of
metallic silver. The potassium bichromate
probably reacts with the metallic silver to
throw off products of reaction which harden
or tan or render insoluble or unremovable
" the adjacent emulsion.. The essential result
_is a hardened emulsion surface correspond-
ing to the lights and shades to be reproduced
‘which will acquire and give up any desired
color in a ‘comparatively short.time. - By
controlling the hardening or tanning effect

of the potassium ‘bichromate as above set.
forth, only the particles of emulsion adja--

.cent the said metallic silver are hardened.
The unhardened portions, as stated above,
‘then may be removed in any desired manner

85
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.as by placing the emulsion in warm water .

which causes the unhardeiied or solublé por-
tions to soften and melt away from the hard-

" ened or insoluble portions so that the hard-

ened emulsion alone will remain in the form

105 .

of extremely minute, individual protuber- °

.. ances which are distributed and grouped ir-

regularly so as to represent the photographic
‘lights and-shades which it is desired to re-
_produce. It is preferable that only those
‘portions of emulsion be hardened which are
.adjacent the carrier for the emulsion, which

- .may be accomplished in various ways, some

of which are disclosed in my Patents, Nos.
1,374,853, dated April 12, 1921 and 1,417,328,
dated May 23, 1922 in my copending appli-
cations for Letters Patent Serial Nos. 327,
889, filed October 2, 1919, 327,890, filed Octo-

ber 2, 1919, 313,239, filed July 25, 1919 and

110
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313,240, filed July 25, 1919, and among

which may be mentioned the exposure of the

sensitized emulsion through its transparent
carrier and the limitation of the depth to

125

‘which the rays of exposure light penetrate °

. by having the actinic rays of the exposure

light and the emulsion complementary in-

color. : L :
. Although the treating solution referred
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to acts also as a bleach, the hardened emul-
sion may be bleached further if desired to
remove any black metallic silver not al-

ready bleached. This may be done in .well

known manner, and while not necessary, is
9 b]

.of advantage as it enables the operator to

watch the effect of the coloring matter on
the printing surface to which 1t is applied
for carrying out the printing process.

The order of melting, bleaching, and fix-

- ing is not important and may be carried

" the action' of the desired colorlntr matter

out in any order desired, although it gen-
erally is more convenient 'to fix, bleach ‘and
melt, in the order named..

The printing of positives from the print-
ing surface may be done by direct con-
tact. The printing surface is exposed to

as by placing it in or carrying it through a

20

30
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_liquor color bath. The colored surface then

is placed in contact, preferably under some
pressure, with the substance on which the

positive is to be made, as by a roller or by

a squeegee. As stated above, the printing
surface prepared by my process receives and

gives up the coloring matter almost instant-

ly as distinguished from other processes
which take an appreciable length of time.

Natural color effects may be produced in-

well known manner, such for example as by
exposure through color screens with subse-

.quent treatment and manipulation to ob-

‘tain the desired results. - ;

Many modifications of my invention will
be apparent to those skilled in the art with-
out-departing therefrom or from the scope
of the claims, my invention not being lim-
ited to the embodiments thereof chosen for

: purposes of 1llusﬁzmtwn but consisting of a

1,484, oﬁ@ .

process for forming a prlntln(r surface capa- 40

ble of acquiring and giving up a desired
color with great rapidity by treating an
emulsion bv a multiple step process which'
hardens the emulsion to correspond to the
lights and shades desired to be reproduced.

45

Havmg described one embodlment\of oy -

invention, what I claim is:
1. The process-of forming a photographl(r

record of lights and shades capable of use as™

a transfer printing plate, which comprises
developing an exposed photographic emul-

sion With a partial-emulsion-hardening solu-’

60

tlon and then hardening portions of “emul-

sion adjacent the light affected sensitive con-
tent of the emulsion with an agent adapted
to harden said emulsion by reaction with the

85

light affected. sensitive content of the emul-

sion, and with a neutralizing agent for said

: hardemng agent, the relative proportions of

said hardening and neutralizing agents be-

but to an extent less than the complete neu--
tralization of said hardening agent.

2. The process specified in claim 1 in
which the hardening agent is potassmm bi-
chromate,

3.' The process - speclﬁed in claim 1 in
Wh(lich the neutralizing agent is sulphurlc
acid.

4. The process specified in claim 1 in

- which the hardening agent is potassium bi-

chromate and the neutrahzmor agent is sul-

. phuric acid.

In testimony that I claim the foregoing,
I have hereunto set my hand this 2nd day of

October, 1919,
ROBERT JOHN. -

60 -

ing such as to control selectively the effec- -
tive area of influence of the hardening agent °

a6
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