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COMPLETE SPECIFICATION

Improvements in and relating to Colour Photography and Colour
Cinematography

I, Dr. BELA GASPAR, a Subject of the
King of Roumania, of 77/79, Rue Berken-
dael, (formerly of 42, Avenue Vietor
Rousseaun), Brussels-Forest, Brussels,

5 Belgium, do hereby declare the nature of
this invention and in what manner the
~ same is to be performed, to be particularly
described and ascertained in and by the
following statement :—
10  This invention relates to a process for the
production of multi-colour photographic
“images. The process according to the
present invention consists in effecting the
exposure on a multi-layer light-sensitive
15 material having dyestuffs ineorporated
in some but not all of the layers, transform-
ing the silver images thus produced into a
three-colour image in colours other than
the natural ecolours, and then printing this

20 image on to a second multi-layer light- .

sensitive material having dyestuffs incor-
porated in some but not all of the layers
and finally transforming the image thus
produced into a three-colour image, the

95 front layers of the two light-sensitive
multi-layer materials used in this process
being eolourless and blue-sensitive, the
second layers in the said materials being
yellow and sensitized to green and red

80 respectively in the two materials and the
third layers being coloured with that
colour which absorbs light rays for which
the second layer of the materialin question
is sensitized and the third layers being

" 85 sensitized for red and green respectively
in the two materials.

Bach of the two different light-sensitive
multi-layer materials may be used as a
recording material for colour photographie

40 exposures, the other one then being used as
a copying material for use therewith. One
of the features of the present invention lies
in the fact that the recording material
permits of direct copying on to the appear-

45 taining copying material, or that wvice

persa a material similar to this copying
material may be employed for the exposure
and the resulting images copied on 6o a
material similar to the first-named record-
50 ing material. In both cases the images
" produced by the exposure show unnatural
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colours, but by printing on to the other
material colour images are obtained which
are true to nature. Moreover, the materials
are such that in the taking process they 55
permit of an effective exposure with all
rays of light included in the visible spec-
trum, and accordingly they satisfy all the
requirements necessary for a perfect sys-
tem of colour photography. 60

The new colour photographic recording
material provided by the present invention
comprises a plurality of light-sensitive
layers, which are arranged on one side or
on both sides of a single support, and of 65
which each layer is sensitive in respect
of a particular spectral range of the visible
spectrum. The combined sensitivity of
the whole layers extends over the entire
vigible speetrum. The single layers which 70
are not situated on the surface, or are not
gituated on that side which, during the
exposure, is directed towards the lens,
contain dyestuffs which serve for the for-
mation of the coloured image. The layer 75
which is disposed nearest the lens in the
taking proeess is uncoloured, i.e., transmits
light of every wavelength in the visible
range.

Of those layers which are further from 8§()
the lens, the uppermost layer containg a
yellow dyestuff, the next one a purple-red
or a blue-green dyestuff, viz., a purple-red
dyestuff if the layer superimposed thereon
is sensitized in respect of green light, and a 85
blue-green dyestuff if the layer super-
imposed thereon is sensitive to red. As
regards the sensitization of the layers,
the nature of the material is as follows:
the layer directed towards the lens is not 90
specially sensitized in respect of any rays,
i.e. is sensitive to blue. The two other
layers are sensitized one each in respect
of the green and the red spectral ranges.

The copying material for use with this 55
taking material agrees in substance with
the recording or taking material. The
sensitization, however, of the second and
third layers is reversed as compared with
the sensitivity of the second and third 100
layers of the recording material. Asin the
recording materialthe front layeris colour-
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Tess ‘and blue-sensitive, the second layer is
yellow-dyed, and the third layer containg
either a purple red or a blue-green dye-
stuff, viz., a purple-red dyestuff if the
5 superimposed layer is sensitized to green
light and a blue-green dyestuff if the
superimposed layer is sensitized to red.
In the accompanying drawing the
arrangement and the nature of the layers
10 are illustrated diagrammatically ; Figure 1
shows the one material and Figure 2 the
second material for use therewith. In the
_aecompanying drawing, a hatching in-
- dicates that the layer does not transmit
15 (i.e., absorbs) rays of the stated spectral
- range, and the broken lines indieate that
4he layer is colourless during the exposure
_ and, in the course of the additional treat-
ment, is coloured with a colour which
20 absorbs the rays of the spectral range in
question. Crosses indicate the spectral
- range for which the layer in question is
sengitized. The wavelengths- are shown
from the short wavelengths on the right
25 to the long wavelengths on the left and the
vertieal lines indicate the separation be-
tween the biue, green and red speciral
ranges.
in Figure 1 is acecordingly as follows:
306 The uppermost layer 1, which is disposed
‘nearest the lens on exposure, is colourless
and is sensitive to blue. After the expo-

The arrangement of the material _

layer differs from the corresponding layer
2 of the material according to Figure 1
by its sensitizing and is sensitized in respect
of red rays. The yellow colour also in
this ease prevents the penetration of blue
light into the layer 2 and also into the next
layer.

The layer 3 located under this layer 2
differs from the third layer of the material
aceording to Figure 1 by other colouration
and by other sensitivity, layer 3 being
coloured blue-green and being sensitized
in respect of the green portion of the
speetrun. - -

For colouring the layers and for sensitiz-
ing the same there may be employed suit-
able dyestuffs which have the appropriate
light absorptions and which sensitize the
layers in respect of the stated spectral
ranges. There may be employed, for
example, for colouring the wellow laver
Metanil Yellow (Schultz Tarbstoiftabeilen
No. 134), for colouring the purple-red
layer Diamine Fast Pink, and for colour-
ing the blue-green layer Diamine Pure
Blue FF {Schultz i.c, No. 421). Tt must
be understood that these dvesiuffs are
merely given by way of example, and that
there may also be used any other dyestuffs
of corresponding colour. Suitable sen-
sitizers are, for example, thicflavine for
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. the green-sensitive layer 2 in TFigure 1,

sure it is coloured blue-green at the image .

or non-image parts of the layer, or the
85 whole layer is coloured blue-green and,
in this case, a dyestuff picture is produced
by destruction of the dyestuff at the image
or non-image parts of the layer.
The layer 2 situated immediately under
40 this Iayer 1 is coloured yellow and is sensi-
tized in respect of green light by means of a
known green sensitizer. The yellow eolour-
ation of this layer prevents blue light from
~  penetrating into this and the layer immedi-
45 ately under the same.
The next layer 3 is coloured purple-red
- and is sensitized in respeet of red light.
_ The three layers may be arranged on
one or on both sides of a support.
50 The arrangement and the nature of the
layers in the material illustrated in Figure
2 are as follows :—
The top layer 1 which, upon exposure,
is located nearest the lens or which, upon
55 copying, is located nearest the source of
- light, is again colourless and sensitive to
blue. After the exposure this layer is
colonred purple-red at the image or mon-
_ image portions or the whole layer is
60 coloured purple-red and then the dyestuff
pieture is produced by destruction of the
dyestuff at the image or non-image por-
- tions.
The layer 2 situated immediately under
85 the layer 1 is also coloured yellow but this

or for layer 3 in Figure 2. For the red
sensitization there may be employed, for
example, ethylviolet for the layer 3, Figure
1, and for the layer 2, Figure 2. Other
sensitizers, which produce a corresponding
sensitization of the layers may he emploved
for the layers in Figures 1 or 2,

The dyestuffs in the coloured layers are 105
preferably precipitated therein in the form
of noun-diffusing salts or insoluble dyestuff
compounds. For this purpose there may
be employed the already known processes
which result in the formation of metallic 110
salts of the dyestuffs, or the formation
of insoluble salts of the dyestuffs with
inorganic or organie bases or acids. Such
methods consist, for example, in the
double decomposition of the dyestuff with 115
salts, the anion of the cation of which forms
with the dyestuff a non-diffusing compound.
Methods of this kind are deseribed, for
example, in my prior Specification No.
428,158.

For recording or exposure purposes there
is used, for example, the material illus-
trated in Figure 1, and the colour images
thus produced are employed as master
images for copying on to the material 195
illustrated in Figure 2.

In order that the nature of the present
invention may be the more clearly under-
stood, I willnow proceed to describe ecertain
illustrative examples of the same.

100

120

130
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ExAamreLe 1.

The material illustrated in Figure 1 is
arranged in the camera with the layer 1
located nearest the lens and is exposed.

5 By this means there is produced in each
of the layers a latent silver image. Of
these silver images that formed in the

“uppermost layer is produced by the blue

points of the object taken; that in the
10 middle yellow-coloured layer is produced
by the green rays from the object taken,
and. that formed in the lowermost layer 3
is produced by the red rays from the
object. After the latent images have been
15 developed, the wuppermost layer 1 is

“eoloured with a red-absorbing dyestuff,

“for example, Diamine Pure Blue. The

“film or the plate is then subjected to the

“action of a bath of 49, thiocarbamide
20 and 0.1%, sulphurie acid and also 0.19%,

“hydroquinone. This bath destroys the

~dyestutf at the points of the silver in each

individual layer, and there consequently
remains, after the remaining portion of the
95 silver has been converted by an oxidizing
bleaching bath into a silver compound
which is capable of being fixed and this
silver compound has been fixed by a sodium
thiosulphate solution, a pure dyestuff
30 image which is of approximately the
following nature. The red points of the
original object taken appear green; the
blue points of the object taken appear red,
and the green points of the original appear
35 blue. If now this coloured master image
is copied on to the material illustrated in
Figure 2, there passes through the green
points of the master image (which are red
in the original) green light which acts on
40 the lowermost green sensitive layer 3 of
the copying material illustrated in Figure
2. Red light passes through the red points
of the master image and acts on the yellow
middle layer 2, Figure 2. There are
accordingly reproduced in the same the
blue points of the original since the parts
of the master image which are coloured
red correspond to the blue portions of the
object taken. Similarly light passing
through the blue points of the master
image (which are green in the original)
produces a silver image in the colourless
layer 1 in Figure 2.

After the development of the latent
images the uppermost layer 1 is coloured
with a purple-red, ie., green-absorbing
dyestuff, for example, Diamine Fast Pink,
and the fixed film is treated in exactly
" the same manner as the recording film

60 illustrated in  Figure 1. After the de-

struetion of the dyestuff at the points of
the silver image in each individual layer,
and after the removal of the gilver, there
remains a pure dyestuff image, the nature
65 of which isas follows : At the points where

4b

80

55

the blue-green dyestuff has been destroyed
in the lowermost layer (these in the original
are the red points and in the master image
the green points) red is produced by the
subtractive combination of the dyestuffs
present in the two other layers. Where
the yellow dyestuff has been destroyed
in the middle layer 2, Figure 2 (these in
the original are the blue points and in the
master image are the red points) the re-
maining dyestuffs in the two other layers
result in a subtractive blue. Finally
where the purple-red dyestuff has been
destroyed in the uppermost layer 1,
Figure 2 (these in the original are the green
points and in the master image are the blue
points) there results from the dyestuffs
of the two other layers a subtractive green.
Comparison between the colours of the
object taken and those of the finished image 85
shows complete identity.

Exactly the same result is obtained if
the material illustrated in Figure 2 is
used for recording purposes and the
material illustrated in Figure 1 is used as
the copying material. The conditions
are explained by the following Example 2 :
The blue points of the original are recorded
in the uppermost colourless layer in the
form of a latent silver image ; the green 95.
parts of the original are recorded in the
lowermost blue-green coloured layer 3,
Figure 2, and the red rays are recorded
in the red-sensitive layer 2, Figure 2.
The treatment of the latent images, the
fixing of the image and the colouring of the
uppermost layer 1, Figure 2, is performed
in the same faghion as in Example 1,
the uppermost layer being coloured with a
purple-red dyestuff, for example, Diamine 105
Fast Pink, which absorbs in the green
spectral range. The additional treatment
by destruetion of the dyestuff and removal
of the silver also takes place in the manner
deseribed in Example 1. There is ob- 110
tained by the exposure and the measures
described a pure dyestuff image, the nature
of which is as follows :—The red points
of the original appear blue ; the blue points
of the original appear green, and the green 115
points of the original appear red.

If now this coloured master image is
copied on to the material illustrated in
Figure 1, there passes through the blue
points of the master image (the red points 120:
in the original) blue light which acts on the
uppermost layer 1, Figure 1. Through
the green points of the master image (the
blue points in the original) there passes

70
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“light which acts on the layer 2, Figure 1. 125

Through the red points of the master
image (the green points in the original)
there passes light which produces a silver
image in the lowermost layer of the copy-

ing material according to Figure 1. 130



483,366

After the "latent images have been
developed the uppermost layer 1, Figure 1,
is coloured with a blue-green dyestuff,
-and after this the procedure is exactly the

5 same as already repeatedly described.

Where the blue-green dyestuff of the
uppermost layer has been destroyed, that
is, at the blue points in the master image
(the red points in the original) the colours

10 of the remaining layers supplement each
other subtractively to form red. Where
the yellow dyestuff of the middle layer has
been destroyed, at the green points in the
master image (the Dblue points of the
original) the remaining colours supplement
each other to form a subtractive blue.

Finally, where the purple-red colour of the

lowermost layer has been destroyed, that
is, at the red points of the master image

90 (the green points in the original) the un-

destroyed colours of the two other layers
supplement each other to form green.

The result, therefore, also when changing

abott upon the exposure and the copying
process the two materials shown in Figures

1 and 2, is finally a multi-colour image in

true colours though the intermediate

master image is different from that pro-

duced by Example 1.

By employing the two corresponding
materials according to Figures 1 and 2
it is also possible to obtain images which
are correct in colour if, for destroying the
dyestoff in the individual layers, there are
employed baths which do not destroy the
dyestuff, as above described, at the points
of the silver deposit, but at the unexposed
points of the individual layers. This may
be performed by using a material as illus-
40 trated in Figure 1 for the exposure and a

material according to Figure 2 as copying
material, or vice verse in such fashion that
the exposure is made on to a material as
illustrated in Figure 2 and the material

45 illustrated in Figure 1 is employed as
copying material. The first of these
possibilities is described by way of example
in the following Example.

ExAMPLE 3.

50 The recording material is the material
illustrated in Figure 1. In this maferial
there are produced, upon the exposure,
three silver imagesin the individual layers
and the uppermost layer is coloured blue-

.55 green as in Example 1. The destruction
of the dyestuff is effected in the known
manner by treatment in a bath which des-
troys the dyestuff at the unexposed points
but not at the points of the silver, for

60 example by means of the reagents de-
seribed and claimed in my prior patent No.
395,718.

The images are freed from silver in the

-known manner. The result is a master
65 image of the following nature. The green

15

25

30

35

points of the original are coloured yellow,
the blue points of the original are coloured

_blue-green, and the red points of the original

are coloured purple.

This master image is employed for copy-
ing on to the material illustrated in Figure
2. The yellow points of the master image
transmit no blue light, and accordingly
the parts of the blue-sensitive layer situated
below the yellow points of the master
image (the green points of the original)
are not exposed and npon the subsequent
destruetion of the dyestuff there will be
destroyed at these points the purnle-red
dyestufi in the layer 1, Figure 2. These
points, by reasen of the subtractive com~
bination of the blue-green and yellow
eolours in the two other layers of the copy-
ing material appear green, as at the eorre-
sponding poiné of the object taken. The
blue-green eolouring of the master image
also prevenis an exnosure of the red-
sengitive layer 2, Figure 2, ot thoze points
which ecorrespond with the blue points
of the original and acecordingly, upon the
destruction of the dyestuff at the unexposed
points of the layer 2, the blue-green and the
purple-red dyestufis remain visible after
destruction of the yellow dyesiuff and
combine subsiractively to form blue. The 95
position is exactly the samé in the case of
the purple-red points of the master image,
whieh correspond with the red points of
the original, and whiech, since the same
prevent exposure of the green seusitive 100
layer 3, Figuve 2, cause the removil of the
blue-green drestuil fiom the iayer, so that
the corresponding poinis, by son of the
substractive combination of the purple-red
and yeliow eolours present in the other 105
layers, result in a pure red, which esincides
with the eorresponding points of the ebject
talken.

In all of the examples described in the
above the colourless upermost laver has 110
been coloured ditrusely, and the dyestuff
has been destroyed at the image or non-
image portions simultaneously with the
treatment of the remaining layers. In
order to fix this diifuse colouring of the 115
uppermost layer in the layer, if is desirable
to add to the layer a precipitaiing agent
for the dyestufis which are subsequently
applied. Thus, for example, the upper-
most colourless layer has added thereto 3 120
grammes of diphenyl guanidine per square
metre of the surface of the layer, the base
being added as such or in the form of a
salt to the emulsion prior to pouring. Alter-

70

7%

80

85

90

e

- natively, the layer may be treated after 125

the pouring thereof on to the support or
after exposure, with a solution of the pre-
cipitating agent. Another precipitating
agent for Diamine Fast Pink G is, for
example, lactic quinine, which may likewise 130
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be incorporated in the emulsion or in the

layer. Other precipitating agents are de--
seribed in my eo-pending Application No. -

17299/36 (Serial No. 478,735).

5 In place "of the diffuse colouring with
subsequent destruction of the dyestuif
at the image or non-image porfions the
colourless layer may also be coloured in the
known fashion at the exposed or at the

10 unexposed points, the known mordanting
and tanning processes being suitable for
this purpose, the dyestuff then being
subsequently applied and fixed either ab
the mordanted or tanned parts of the layer.

15 Tf the dyestuff is destroyed at the points
free of silver in the underneath layers, the
points of the silver are coloured in the
colourless layer, for example, by converting
the silver deposit into a silver compound

90 which acts as a mordant for dyestuffs,
or the silver image may be converted into a
Prussian blue image.

ExAVPLE 4.
Ag the recording or copying material

95 there is employed the material illustrated

in Figure 1. After exposure, developing

and fixing of the three-part-images in the

single layers the material is subjected to a

treatment with a solution of :—

4 grams. potassium bromate.
10 grams. soldium chlorate.
5 grams. hydrochloric acid.
200 grams. water.
The dyestuff is destroyed at the points
g5 free of silver and at the same time the
silver is eonverted into a silver salt capable
of being fixed. After rinsing, but prior to
fixing, the film is bathed in a solution of 25
grammes ferricyanide of potassium and 5
40 grammes potassium iodide in 1000 grammes
of water, rinsed for a short fime and then
coloured with Virage Blue-green (Agfa).
The colouring process is stopped at the
appropriate stage as soom as the image has
45 taken up o sufficient quantity of dyestuff
in any suitable way, for example, by re-
moval from the dyestuff solution and im-
mersion in water, the silver salt being sub-
sequently dissolved out of all layers, for

50 example, by sodium thiosulphate solution.

It is also possible for the purpose of
colouring the colourless upper layer to
produce the dyestuff locally at the image
or non-image portions orin a diffuse manner

55 from dyestuff componentswhich are con-

tained in the layer or which are incor-
porated therein by bathing, said dyestuff
components being practically colourless
themselves.
- 60

30

ExAMPLE 5.

After all part-images have been pro-
duced, developed and fixed in the material
illustrated in Figure 1 the dyestuff of the
two underneath layers is destroyed at the
g5 points of the silver by treatment with an

aqueous solution of 59, thiocarbamide.
The uppermost layer, the emulsion of whieh
has added therefo the leuco compound of
tetrabromindigo, is treated in a solution
comprising 0.2%, potassium bichromate
and 2% of 209%, sulphuric acid. By this
treatment the dyestuff is produced at the
points free of silver.

The present invention is concerned with
the production of copies from coloured
master images as well as the production
of exposures in the camera, and in par-
ticular it enables coloured images which
have been produced on the copying material
to be copied quite readily on a material
which agrees in its nature with that which
has served as master image. For ex-
ample, a coloured image true to nature,
which has been produced on the material
illustrated in Figure 2 with the use of a
master image according to Figure 1, may
again be re-copied on to the material
illugtrated in Figure 1, and the coloured
image thus obtained can be employed in
turn for producing any desired number of
copies on the material illustrated in Figure
2. Additional advantages are obtained
from the possibility of interchanging re-
cording and copying material as desired.

The light-sensitive multi-layer materials
used in carrying out the present invention
and as illustrated in Figures 1 and 2 of the
drawings form the subject-matter of my
co-pending Patent Application No. 7081/38
(Serial No. 483,463), and no claim is made
herein to such material per se.

Having now particularly described and
ascertained the nature of my said invention
and in what manner the same is to be
performed, I declare that what I claim
is :—

1. A process of producing multi-colour
photographic images which consists in
effecting the exposure on a multi-layer
light-sensitive material having dyestuffs
incorporated in some but not all of the
layers, transforming the silver image thus
produced into a three-colour image in
colours other than the natural colours,
and then printing this image on to a 115
gecond multi-layer light-sensitive material
having dyestuffs incorporated in some bub
not all of the layers and finally trans-
forming the image thus produced into 4
three-colour image, the front layers of the 120
two light-sensitive multi-layer materials
used in this process being colourless and
blue-sensitive, the second layers in the
said materials being yellow and sensitized
to green and red respeetively in the two 125
materials, and the third Ilayers being
coloured with that colour which absorbs
light rays for which the second layer of
the material in question is sensitized and
the third layers being sensitized for red 130
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and green respectively in the two materials, -

‘2. Process as claimed in - Claim 1,
characterised in that the top layer is
diffusely coloured at a point in the process

b after exposure, the dyestuff heing des-
troyed simultaneously with the selective
destruction of the dyestuffs in the other
layers. :

3. Process as claimed in Claim 1, in

10 which the coloured image in the top layer
is produced by application of the dyestuft

at the image or non-image parts of the
layer, for example, by means of a toning
process or amordanting ortanning process
with subsequent application of the dyestuff. 15
Dated this 16th day of July, 1936.
LESLIE N. COX,
Patent Agent,
408/9, Bank Chambers,
29, Southampton Buildings, London,
Ww.C.2,
Agent for the Applicant.

Leamington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1938.
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