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PAI ENT SPECIFICATION

App//cat/on Date Maroh 7,1922. No. 6722/22.
Complete Spemﬁcatlon\Left

e
- -
o

Dec. 7, 1922.

Complete Specification Accepied : Sept. 7, 1923.
- PROVISIONAL SPECIFICATION,

'Improvemexits /rélatiﬁg to Colour Photography and the like.

I, Aroxn HampurcEr, of 51, Warwick
Street, Regent Street, London; W. 1, a
citizen of the United States of America,
do hereby declare the nature of this

“invention to be as follows:— - -

This invention relates- to- the produc-
tion by photographic methods of pictures
in colour by dye . toning, -whether - for
direct observation or projection.

This invention consists broadly in
fractionally and  successively dyeing
posifives or negatives representing com-
ponent colour values so as to produce

cclour pictures for du’ecﬁ observation or -

projection.

The invention in brief consists in
applying to an emulsion containing a
developer and fixed positive or negative
image a combination of dyes of differemt
colours, these dyes being mo chosen that
on subsequent treatment of the film by

~washing or treatment in a weak solution

such as 19

agent, ;
meta-bisulphite,

sodium

of a reducing
potassium or

they will” be retained in the Afilm -in

accordance with-the gradations. of light
and shade and vield colours due to the

one subst-anti-aﬂly individu-
ally ard «to & ce;rtam extent in addition
due to the blending of the colours of the
componenﬁs .

In carrying this invention into effect
as applwd to the p1oduct10xn of kine-
matograph film for. projection in colours,
I prepare negabives representing the
component colour values so that these
component colour values are represented
in ‘the image which is to be dyed by a

- density Whlch will vary with the colour

value of each component colour in the
object photographed, either by the use
of one or more panchromatic - emulsions
with - the wusual colour - filters, or by

~ employing a suitably sensitised emulsion

for each colour group.
I then print from such negatlves pom-
S

P

tives «either (a) on opposite sides of a film
which is coated on both sides with light
sensitive emulsion; or (b) on sepanate
sensitised: bases which may be superposed
or transferred on each other, either before
or after dyeing.

For instance, in dyeing positives
printed on both sides of a double coated
sensitive film, I commence by dyeing the.
side representing the yellow and red com-
ponents of the picture. I do ~ this by
evenly coating the surface with yellow
dye of a strength which will on subse-
quent bleaching represent approximately
the amount of pure yellow required to
represent the yellow value of the negative
from which it was printed. This is only
part of the yellow which the image as a
whole could take up; hence, I call this
fractional dyeing. I dye the other side

_ which represents the green and blue com-

ponents of the picture with a green dye
similarly adjusted in strength to the
green value of the negative from which
it was printed. The “double coated film
is then re-dyed as to the side already
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vellow with a suitable red dye and as to - -

the side already green with a suitable
blue dye.  After The whole of the dye .

" has been apphed the double coated and -

dyed film is immersed in a suitable
bleaching liquor. The second dye coat-
ings should be sufficiently concentrated

a5

to Vleld on. subsequent bleaehlng fully - 80

dyed images.

The result of such trefl*cmen‘c is as
followrs: —

On the red-yellow side are obtained all
the gradations from pure yellow, through _
orange, to deep red, in relation to
varying density of the dyed silver image.
On’ the. green-blue side are likewise
obtained all the gradations from pure

green, through blue green, to deep blue.

When the bleached image is treated
with a suitable yellow or light green dve

the -
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the colours of the -originals- from which
‘the pictures have been made. :

The object of the present invention is -

_to provide an improved process swhich

-developed - and fixed positive or negative

image and either containing silver or

having been freed from silver, a combina- 115

tion of dves of different colours simul-
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the parts corresponding to the lightest The dyeing of the positive images as
_portion of the original silver image above described may be carried out after
" appear to become saburated with the dye. instead of before blemching of the - silver 80" :
o They therefore do not absorb further image by any suitable bleaching - agent <
5 dye with the effect that applying the such as chromic acid, copper-ferri-
~  deeper. colour dyes, namely, the red and cyanide, or a mixture of pobassium ferri--
_ blue or like dyes respectively, these ave cyanide, chromic acid and thio carb- :
- -nob absorbed in or held by the lighter amide. ' : 7 35
 portions but are readily removed by the I prefer first to dye the positives with :
10, subsequent freatiment of the film.in water such dyes as for instance, acid yellow, .
" or the like as indicated above. The dollowed by acid fuchsine as to one posi-
vesult is that the lightest part of the tive, and brilliant green and methylene - |
-silver image on either .side which has blue as to the other side. . 40 - -
~ _been so made that it corresponds to the Tt is preferred to employ a bleaching L
- 15 lightest- shade is ultimately represented -solution in which the dyes are insoluble
Dby ome dye, the darkest portions corve- as I have found that with such dyes in
sponding to the deep colouration on either the presence of -a suitable” bleaching
side substantially by one dyé and inter- agent stable dye salts appear to be 45
. mediately thie various gradations of formed with the silver imuges. All dye .
+20 colours and shades on each side by a nob so absorbed or fixed, that is, dye
cofubination of dyes. Wlhen tWwo or colowing the part of the film unacted on .
‘more positives thus dyed are -cormbined, by light, becomes washed wlien soaked in - -
“each being dyed with twd or more sult- ~water, thus leaving the *“ whites ** clear. 50 .
- -‘able dyes in appropriate proportions, S ] S _
.25 substantially all the colotr conmipomernts Dated this 2nd day of July, 1928. 7 i
©T - of the -object’ phobographed may be . g L L - . 1
_secured. - T - MARKS & CLERR. -
S 7 7 ) .- -COMPLETE SPECIFICATION. -
" Improvements felating to Colour Photography- aud the like. - S
I, Aroxy Hamburamr, of .51, Warwick may be carried into effect in a very simple §
%~ -Street, Regent Street, London, W. 1, s manner. and give pictures pleasing in
" 55 -citizen of the Unitéd-States of America, . character with a wide range of colours ..
' _do. hereby declare - the “nature of - this and réadily producible on an industrial |
invention and in what manrer the same basis. - - , e
is. to be performed, to be particularly To that end I have mwade a large mum- {
- described and ascertained in- and:\\bz\ﬂie ber of experiments and have~found that™ -~
following statement:— -~  -._by the selection of -suitable. _dyestuffs -T 77 i
° This invention relates to the. produc- . can produce pictures. in . colotr “having 1
~tion by-photographic methods of pictures the advantages-referred to~above. = ot
in-colour by dye foning, whether for . --Mixbires of dyes have heretofore been 95 ;
:~  direct observation-or projection. - - - " propesed - for_ the - colouring sof _plioto- |
65~ . The invention is applicable—in connec- _graphic silver positives,- the. silver being .. ™=
 tion with colour cinematography .and for suitabl rernoved, but as far as I am G
_ the production of —colour transparencies, - aware 10 DrOCess ~has—been disclosed
- colour prints on a paper . or - obther non- - wherein seéparation of - simultaneously or 1007
-~ {ransparvent base. . It-.will herein - be suceessively - applied  dy&——mixtures by -~ -
- 70- “described mainly in connection with the subsequent ti atnient_is obtained. that is .
production of colour cinematograph films “to-say, wheréin the result is a gradation 7
for projection im: the usual projector. - At - substantially froin one colour of the dyes -
- present the processes for ~producing eine-  emploved te-the other. . Indeed in some 5
>~ . -matograph films in -colours are very com- _prior proposals mixtures of pesicting. dyes
- 75 plex or the results ave not entirely pleas- . or successively applied dyes such as acid |
ing. - . As a-means- towards reducing the and  alkaline or-basie colours Thave - been
" complexity of - the . problem two-colour © suggested which could _not possibly -be ,
processes of..cinematography have been = separated. e R
-~ provided in recent vears-but in these the - The Invention. il - brief consists” in \
- 80 - colour rendering is by ne-means akin to applying to -an emulsion eonbaifiing & .-\ 1
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tanevtisly or succes»xwh these dyes
being so ochiosen that on subsequetit
treatmieirt of the flm by washing or
treatinent in = teak solution of & redue-

ing agent, suchk as 19, potassium or

sodium meta-blsulplnten they will be
retained in the film in accordaice with
the -gradations of light and shade and

vmld colouts due to the dye comiponents
substantially individually amd fo & cer-
tain extent in addition due to the blend-
ing of the colours of the componénts.

In carrying this invention into effect
in oile form by way of example applied
as an illustration to  the production of
einematograph film for projection in
colours, I prepate two  negabives
appioximately representing the com-
ponent complémentary colour valies go
that these componehf- colour valués
represented in the image which Is to be
dyed by a density, which will vary with
the colour value of wach component
colour in the objeut photographed.

Aceortiing to oné method T employ two -

silver emulsion films (g) and (b}, one, the
(o) film, -sensitised principally to green
and blue-violet colours by ervthiosine,
and the otheér or (b) film sensitised prin-
cipally to red, orange and yellow by
bathing in a solution of pinacyanol. The
(@) Alm may be exposed. without a light
filter and the (b) film expased through
a tricolour red or ed-ofange filter.  The
negabives after developing, fixing, wash-
ing and drying in the u’sua_l manner are
printed on to films to formy positives. T
prefer to print them on to opposite sides
of a film coated an both sides with light
sensitive emulsion.

‘The completed pomtlve is then dye

coateéd by applying o mixture of two or

moré dyes to each. of the epnulsions form-
ing the Hwo images one. on e'xch alde of

" the Sl — -

To the side of the ﬁjm oorrespondmg
to the (a) negative I applv, for example,”
a mixture of “hodamine B and firamine
in equal parfs of 39 solutions, stich
solutions having. been. well mixed
together. To tha other side of the film,
nfrmelv that corresponding to the ( b)
neaatwe I apply, - for example; a mixture
of malachfte _gresn (containing " a small
amount say 5%, of xylene red) and bril-
liant green in equal parts of 8¢, soly-
tions.  These mikbures ave conveniently
applied in any ‘guitable coading machine

and “the film is then allowed ’c»o gtand for -

a4 fewr momen’cs 0 that thev seb o a cer-
tain extent. = Tt is then immersed in a
bleaching liquor forraed for. examiple of
a mlxﬁme of equal parts’ of 1% solutions
of pure éhrémic acid and phire potassmm
fervicyanide to which 1 [ woth pdrt of a 29,

on removal therefrom is

are

solution of thiocarbamide may be added.
It reiains in this bath for a few minutes
until the silver has been thorouglily
bleashed. The subsequent treatmert
comprises washing or treatment ini a veak
solution of a 1educ1ne, agent, such as 19
potassium or sodium meta- blsulphl‘ce and
washed until
the high lights or pairts xot substantially
acted on Joy light are sufficiently clear.
Bleaching may precede dye coatmg

Tt will then be found that in the case
of the series of. pictutes which have
received the mixture of red and vellow
dyes the result in colour is a pleasing
gradation from red to yellow in the
colour of the dyed image in the part
corresponding %o the Dleached silver
image correspouding with the density of
the outrmﬂl silver image so that the
davker poﬁnons of the picture appuoach
a darl red, while the lighter poriions ave

apprommateiy vellow, the dyes being
discharged from' the poition of’ cach
image dorresponding. to the high lights

or parts not substantially acted on by

light leaving clear unstained whites. A
qmnhu ac’clon oceurs em the other side.of
1he film, the process resulting in cmphasis
of blue in the darker parts and a gteenish
colouration in the lighter parts.

As a whole therefore the double- coqterd
film gives approximately the effect of a
four-colour process, or more accurately,
a five-colour process when proceeding on
the lines given above because the blequhed
silver image of. itself acts to give
ground work or grevmh ketv. varying in
mtensmv according . to the lights and
shades of the object.photogr 'lphed

77 The above dyes work well but. oihér

émtable dyes may. be employed . and it is
a simple matter to test any paltxcular dv
mixtures because when applied to 2 filmn,
and treated as described above if on
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waching the lighter portions are coloured

the shadows . substartially to the colout
of the other with o"rada,’clons between they
are suitable but it does not necessarily
follow that the result will be so pleasing
as with the dyes I.have mentioned.

This gives a convenient .method. thete-
fore “of asceltfumno whether any . other
dyes that it is desived to use are “suitable
for the process or not.

As regards the amount of dve flpphed
to coat the surface the quantity. of say the
vellow dye should be such that it" will on
subsequemt bleaching of the silver repre-
sent approximately . “the amount of pure
vellow required to represent the _vellow
value ~f the nagative from. which it was
printed. .

Slm]larlv the (]ve on ‘the other side

" substantially to the colour of one dye and
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the- parts corresponding

~or-the -like  as

" bination of dyés.

" being dyed with two or-

“ing onlv gelatine i various

which represents the green and blue
components of the picture is adjusted -in
strength to the green and blue values of
the negative from which it was printed.
According to a modified process instead -

of applying mixtures of the dyes to each .
" side I first apply one dye, say,
pair of dyes, and then apply the remain-.

of each

ing dyes. Thus, the double ccated film
may be dyed as to the appropriate side
first yellow and then re-dyed with a suit-
able red dye, the other side of the.film
first being dyed say green and - then

re-dyed with 2 suitable blue dye.

The second dye coatings should be

- sufficiently concentrated 130 yield on sub-

sequent bleaching fully  dyed images,
bleaching not being effected until all

" dyeing has been completed; the stremgth

of both dye solutions and the strength
of the bleach should be adjusted so that
the bleaching and dyeing of the image
take place pra,etmally simultaneously.
When the bleached image is treated
with a suiteble yellow or hght green dye
to  the lightest

portion of the original silver image

" appear to become saturated with the dye,

They therefore do mnot absorb further

“dye with the effect that applying the

deeper colour dyes, namely, the red and

" ‘blue or- like dyes wespectively, these are
‘not absorbed in or held by the lighter

portions but are readily removed bx the
subsequent treatment of. the ‘flm in Water
indicated above. - The
result is that the lightest part of the
silver image on elthel side which has
been. so- made that it corresponds to the
lightest -shade is ultimately vepresented
by one dye, the darkest -portions ‘Gorre-:

" sponding - to- the deep colouration on .
-‘either - side substantially by one dye and
“intermediately the various gradations -of

colours and shades-on_cach s1de by a com-
Wheti” two-.or : more
combined each
more - guitable
dyes in appropriate proportions substan-
tially  all the colour components -of the
dbject-photographed may be secured.

The-dyeing of the-positive images as
above- deseribed may be carried oub- atter
instead of during bleaching by the use of
suitable dye mixtures, for example; aura-
mine and basic magenta for the (a) - film
and brilliant green and methvlene blue
for the (b) film. .

The whole of the silver mw beu removed
from -the image before-dve -coating leav-
- de=grees of
As -an

positives thus dyed are

hardness -as . iy well known.

- example-of- suitable dyes for use in such

65

cases where the silver has been- com-
pletelv removed I find the following mix-

tures to work well, namely, a mixture
composed of acid yellow and acid magenta
mixed in equal parts of about 29

strength solutions and a mixture formed

from acid violet and azo blue of a
strength similar to the former,

If it is desired to use only two colouls
instead of four for the purpose of obtain-
ing in an easier cheap manner colour
representations ¢f limited range or for
use, for example, in- connection with the
title parts of a cinematograph film this

-may be effected by employing a positive
film coated on one side only and apply-

ing the two suitable colours thereto.

In place of employing a #flm coated
on hoth sides separate sensitised bases
may be used which are superposed or
transferred on to the same supporbt or
otherwise. sufficiently accurately regis-
tered either before or after dyeing.
Instead of using special colour sensitised
films for the preparation of the negatives
commercial panchromatic emulsions may
be employed with the appropriate colour
filter. Also any other suitable colour
sensifisers than those mentioned above
may be used.

In place of the bleaching bath descnbed
any other suitable bleaching
may be used.

It is preferred to employ a bleaching-
solution in which the dyes- are insoluble
as I have found that with such dyes in

stable dye salts appear to be formed with
the -silver images. Al dye not so
absorbed or ﬁxed that is, dve colouring
the part of the film unacted on by light,
becomes washed when bOdked
. thus leaving the °* whites ”’

In- place of posfave;s “negatives pre-
pared by- removing ~the silver- from a

‘negative  image will give & substantially

70

75

85

90

solution 95

in. water 10a
~clear. - . -~

_the presence of a suitable bleaching agent 100

similar effect by the use of appropriate 111G

dyes, for euxample those of- the pmatvpe

" -gefries.

Having now partmularlxz_de,s,cmbed and
ascertained the nature. of my- seid inven-
tion and in-what manner the - same
’co be pelformed I declare ﬂ'l‘l‘b What I

A ‘method of produemg photOOraphs
in col@ur which consists -in applying to

s 115

=

an emulsion -containing a developed and 120

fixed positive -or - negative - image and
either containing silver or having been

freed from silver, a&"combination- of dyes-

of different -colours simultaneously or

successively, these dyes being so chosen 125

thati on subsequent treatment of -the: films
by washing or treatment in a weak sola-
tion of a reducing agent, - such -as 19/
pobassium or sodium meta-bisulphite,
they - will

‘be retained “in - the - film" in 130
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accordance with the gradations of light
and shade and yield colours due fto. the
dye components substantially individu-
ally and to a cerbain extemt in addition
due to the blending of the colours of the
components. :

2. A process as claimed in Claim 1 in
which two emulsions, each containing a
developed and fixed positive or negative
silver image, and four or more dyes are
employed, for example, a mixture of
red and yellow dyes for treating one emul-
sion and & mixture of green and blue dyes
for treating the second emulsion.

8. A process as claimed in Claim 2 in
which the yellow and red dyes are formed
from auramine and rhodamine B respec-
tively and the green and blue dyes from
brilliant green and malachite green con-
taining a small proportion of xylene red.

4. A process as claimed in Claim 1,
in. which two emulsions, each contain-
ing a developed and fixed positive or
negative image which has been freed
from silver and four or more dyes are
employed in which for one emulsion the
dyes comprise acid yellow and acid
magenta and for the other a mixture of
erystal violet and avo blue.

5. Processes for the production of
photographs in colours substantially as
herein described.

6. Colour photographs when prepared
by the processes described and claimed
herein or by their obvious chemical

equivalents.

Dated this 6th day of December, 1922,
MARKS & CLERK.

Abingdon : Printed for His Majesty’s Stationery Office, by Burgess & Son.
o Wt. 80318,~50 /1 [1937.]
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