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Photographic gelatine reliefs are mainly 
used for printing therefrom by imbibition 
methods upon elatine blanks, and accord 
ing to one met od such relief matrices are 

5 made by rendering the portions of a photo 
graphic silver haloid emulsion, which are 
coextensive with a latent or develo ed silver 
image, insoluble in warm water, issolving 
the remainingr portions and vbleaching’ the sil 
ver image. Matrices of'this kind, as ̀ made 
according tov ,previously known methods, 
have various-disadvantages, as for instance 
an uneven ory otherwise physically irregular 
surface, uncontrollable irregularities' inher 
ent in ­»they manufacturing process which re 
sults in much wastage and uncertainty of 
output, so-called chemical fog,N etc. Espe 
lcially the irregular or grainy‘relief surface 
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is very unfavorable, even if the relief is other‘- f 
20 wise satisfactory, because the irregular pro 

’ ' trudìng surface formations, sometimes'called 
protuberances, which are mainly’instrumen 
tal for the dye absorption and transfer, en 
close free dye between them when the matrix 
is pressed against the blank, with a resulting 
loss of definition. Furthermore, such a 
matrix transfers to the blank material a 
secondary dye pattern, or grain, which is. 
superimposed upon the prmary or image pat 
tern and corresponds to the protuberance 
pattern of the matrix. It has not been pos 
sible with any of the processes for making 
gelatine reliefs which have been heretofore 
proposed to eliminate this positive or trans 
feree grain to a sufficient extent, for instance 
"for purposes of motion picture _projection 
which requires a projection image fairly un 
broken by grain n patterns , at> ‘ magnification 
above fifty times the size of the positive film 
frame. ` l ` " ­ ` ~ ' 

Some of themain objects ofthe invention 
are: photographic gelatine printingreliefs‘, 
made from silver haloid emulsions, which 
have a practically >`smooth surface 'without 
protuberances or similar ' physical irregu 
larities; a process, based on fundamental-in 

> vestigations vof the structure and formation 
of gelatine reliefs, of making' such reliefs; 
a method of controlling the actions of the 

50 various lsolutions used in this process so as 
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to obtain the desired product with certainty 
and at a cost not exceeding that of previously 
known processes. These and other objects 
will be apparent from'the following detailed 
explanations' of the genus of the >invention 55 
and of a >commercial embodiment thereof by ' 
wsäy of. example. The description refers to 
a rawmg 1n which: ' ` 

Fig. 1gis­ a diagrammatic representation 
of a photomicrographic top view of a'treated 
gelatine emulsion.; " ' ' 

» Fig'. 2 is a similar representation of the­ 
cross-section through a treated photographic 
film prior to etching; ` ` 

Fig. 3ds a representation similar to Fig. 2, 
`after etching; and ` ' ` - 

Fig. 4 is a ̀ representation similar to Fig. y3 
of" a film l 
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ortion of _low density. 
' It will e'understood that these figures can 

tonlyfapproximately: .andV diagrammatically _'10 l 
reproduce the character of g the photomicro 
graphs from ,which vthey have been made. 

According tothe present invention ' the 
gelatine relief matrix has dye-absorbing por 
tions embedded kin a relatively smooth layer 75 
of 'non-absorbing gelatine above' which'these " 
`portions do not­ protrude, ̀ whereby lthe term 
‘smooth”, as herein employed, re ers to sur' 
face characteristics which influence the above 
mentioned secondary pattern,` but has no' re 
lation tothe actual image pattern as repro-­ 
duced bythe varying height of the relief.­ 
A matrix having these peculiar properties 

is made‘by employing, for the develo ment 
of a latent silver image, a‘ so-called har _ ening 
developer, as for instance _a pyrogallol or 
pyrocatechin developer, ,which .is free from 
reducing chemicals or substances which pro' 
tect against oxidation, as for instance sodium 
sulíite. `Developers of this kind render the A9o 
gelatine which is" coextensive with vthe .latent ' 
image substantially insoluble in warm water 
but do not .impair­ its ability to 'take up’dyes 
>by adsorp'tiom’absforption or any other‘phy'si-` ­ 
­cal or chemical process (hereinafter referred 
to as dye absorption ability). After the de' 
velopment of the latent silver haloid image, 
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ythe film is subjected to an oxidation treat~ 
ment, lfor eXamplet-o vigorous washing in 
water containingoxyg'en in the form >_of dis­> >1,00 
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solved air and/or to the action of oxidizing 
chemicals other than water. such as potassium 
ferricyanide or potassium bichroinate. This 
treatment oxidizes the pyrogallic acid which 
has not been consumed in developing the 
image, said oxidation producing gelatine, 
which docs not'readi‘ly absorb dye and which 
at least partially surrounds the dye absorbent 
gelatine immediately around the silver 
particles, resulting directly from the harden- f 
ing development and constitutingthe photo 
graphic image. Subsequently the emulsion 
is subjected to the known treatment called 
“etching”, usually consisting in washing with 
water at a temperature of about 130° F. 
which removes substantially all portions of 
gelatine not approximately coextensive with 
the silver image, that is the non-image gela 
tine as distinguished from the developer 
hardened image gelatine proper and the 
image filler gelatine substantially coextensive 

- therewith, but of substantially the same 
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nature as the non-image gelatine. By proper 
regulation of theoxidizing action, as4 for 
example by controlling the length and/or 
pH of the oxidizing wash, the concentration 
and/or pH of the ferricyanide, or the pH 
of the developer, the layer of dye-resisting 
image filler material can be made approxi 
mately equal in thickness to the height of the 
dye-absorbing elements in each density or 
height of the relief or the relation of these 
two magnitudescan be adjusted «as desired. 
This possibility of equalizing the two gela 

4 tine portions is mainly due to the fact that 
apparently the filler gelatine in which the 
unused developer is oxidized vetches olf fairly 
easily although it does not absorb dye, where 
as the image part proper becomes insoluble 
in reaction with the latent image constituents 

‘ and readily takes up dye, which is perhaps 
to some degree due to the fact that these parts 
are rendered spongy by the removal of the 
developed silver grains in the bleaching 
process. ' 

Having now generally disclosed the genus 
of the invention, the new method land the 
product resulting therefrom will now be de 
scribed as they have been studied in an 
attempt to explain their exact nature. Micro 
scopic observation of the behaviour of pyro 
gallic acid in homogeneous material, such as 
aqueous solutions of plain gelatine, shows' 
that oxidation of pyrogallie acid produces 
in th-e gelatine vehicle a net work of honey 

y comb shape consisting of brown material, 
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probably some form of quinone, which does 
not readily take up dyes. In this case of 
homogeneous gelatine material, the size and 
shape of the network is determined only by 
natural intermolecular forces. However, if 
the same experiment is made with a hetero 
geneous medium, as an emulsion containing 
developed silver grains, it will be seen that the 
network, or in the case of a very thin emul 
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sion layer, a reticulum, tends to surround the 
grain clumps as centers so that cach of these 
clumps falls approximately in the center of a 
cell of gelatine made non-absorptive by 
oxidization of unused developer. The honey 
comb cells, consisting of gelatine ywhich re 
acted with the unconsu'mcdîd'eveloper andy 
the oxidizer, would naturally surround the 
zones around the image constituents or 
clumps, these zones being of a different nature 
than the cell network, which dissolves com 
paratively easy in hot water but does not ab 
sorb dyes, whereas the image zones readily 
do so but resist hot water comparatively well, 
which can be experimentally shown. The 
production of the non-dye-absorbing gelatine 
is dependent upon the chemical action of the 
oxidized pyrogallic material upon the gela 
tine surrounding the silver grain clumps, 
and it may be assumed that this particular 
structure depends upon the exhaustion of the 
pyrogallic acid locally at the grain centers 
in consequence of development at these 
points, thus leaving the surrounding regions 
moref highly impregnated with oxidizable 
substance. According to this explanation, 
the quantity of non-dye-absorbing but hot 
water soluble image ñller gelatine will be 
approximately inversely proportional to the 
quantity of dye-absorbing but non-soluble 
image gelatine, so that after the non-image 
parts have been removed the non-dye-absorb 
ing gelatine will have a tendency to pre 
dominate any regions where the photographic 
image is increasingly » disperse. Conse 
quently, the relief formed in this manner will 
be substantially smooth and without pro 
tuberances at all density levels, but will 
nevertheless vary in thickness with varying> 
densities, representing a relief merely repro 
ducing the image pattern without any addi 
tional secondary pattern. _ , 

Figs. l to 4 illustrate the various steps of 
the process as described. In the photomicro 
graphic to view according to Fig. 1,H is a 
network o extremely non-absorbing gelatine 
surrounding better absorbing portions A, 
whereas in the photomicrographic cross-sec 
tion of a treated but unetched emulsion ac 
cording to Fig. 2, the non-absorbing, non 
image, and image filler portions are again 
indicated by H, S indicating the silver par 
ticles of the image portion of the film, B 
being the support of the emulsion which has 
been exposed through this support, and A 
denoting the dye absorptive, insoluble por 
tions. Fig. 3 which is also a photomicro 
graphic section shows the result of the etch 
ing and bleaching process which removes the 
parts not coextensive with the image, the re 
maining relief having dye-absorbing image 
parts A> and non-absorptive image filler por 
tions H. In regions of low densities there 
will be substantially only one layer of dye 
absorbing particles, as shown in-section in 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

185 

180 



1,919,673 

Fig. 4, where 'B denotes again the base, I-I the 
non~absorptive and­ A the non-soluble gela 

_ tine. 
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As shown in Fig. 3 the non-image parts of 
the emulsion, which consist wholly of soluble 
non-dye-absorbing gelatine, are entirely re 
moved b_v the etch ;v Whereas in the image por 
tions tlu` dye absorptive insoluble image gela 
tine, which consists of pocket-like formations 
interconnected by> channels of the same mate 
rial, remains intact, retaining within its 
sponge-like mesh the relatively soluble non 
absorptive image filler gelatine as far as it is 
coextensive with the image portion. The 
fact that this relatively soluble gelatine of 
the image portion is not etched off like the 
non-image portion of the same material can 
perhaps be comprehended by comparing it 
with a similar phenomenon which takes place 
if pebbles are embedded in cement. If con 
crete of this sort is subjected in a half set 
state to a jet of water, the cement alone does 
not stand up at all and is washed away from 
the surface, laying bare the pebbles, whereas 
it does not permit a single pebble to be re~ 
moved, so that the final surface appears com` 
parati vely smooth after all the surface cement 
has been washed away, and the interstices 
between the pebbles are fairly well filled with 
cement. The analogous action of the non 
etching image gelatine sponge is still more 
pronounced, so that practically no soluble 
image filler gelatine is removed from between 
the interconnected particles of the non-etch 
ing gelatine sponge` leaving the relief surface 
substantially smooth. 
From the foregoing it will be seen that the 

ratio between the amounts of dye-absorbing, 
non»etching gelatine on the one hand and 
non-dye-absorbing, well etching gelatine 
portions on the other hand is a'n important 
factor in controlling the quality of the gela 
tine relief. If there is an excess of non-dye 
absorbing materia-l, the dye-absorbing par 
ticles will be submerged or separated from the 
surface by non-dye-absorbing material, and 
therefore rendered ineffective. This unfav 
orable condition »is aggravated by the fact 
that a high degree of oxidation, which natu 
rally accompanies the production of la pro~ 
portionally large amount of non-dye-absorb 
ing gelatine, will render the latter more like 
the non-etching image gelatine, that is to a 
certain degree non-etching. In this case 
there will be active only a sräâllller number of, 
although perhaps (in the vgher densities) 
larger, dye-absorbing particles, which re 
sults in a coarse secondary pattern or grain 
of the dyed relief used as such, or of transfer 
prints made therefrom. With such an un 
favorable ratio between the two kinds of gel 
atine, there is also the danger that the lower 
densities are altogether lost due to the fact 
that the few dye-absorbing particles of these 
densities, which may only form a single layer, 

are entirely covered by ̀a. non-dye-absorbing 
layer. » In lcertain cases'it is beneficialto pro 
vide so-called fog layers covering the base 
in- the lower dens1ty regions, as for exam le 
disclosed :in United States Patent o. 
1,677,665 to Troland and Weaver, and as 
signedr to­ the Technicolor Motion Picture 
Corporation. Such fog’layers are rendered 
useless if the non-dye-absorbing material 
covers the dye-absorbing material. The best 
condition is one in which the non-d e-absorb 
ing material is nearly, but not qulte, of the 
same thickness as the dye-absorbing units, so 
that a maximum number of dye-absorbing 
units, which might be compared to dye pock 
ets, are open toward the relief surface and 
therefore able to take up and to discharge 
their dye and that of the pockets connected 
with them by channels. This prevents the 
detrimental effects of an uneven surface, as 
the forming of dye deposits between pro 
tuberances, or of water pools d_uring the im 
bibition process, and the resultlng secondary 
or grain pattern of the dyed relief and/or the 
transfer print. 
As mentioned above the ratio of these two­ 

components can be adjusted by controlling 
the extent of oxidization after development. 
For instance it has been found that by chang 
ing the pH of the washing bath the non-dye 
absorbing material can be increased 1n 
amount, or heightened to such an extent that 
there is serious reduction of dye transfer in 
the lower and medium densities, or that the 
oxidizing action can be decreased to such a 
degree that the relief surface becomes qulte 
uneven and the secondary dye pattern ap 
pears. ' 

In carrying out the invention, the follow- ‘ 

ing technique has been found satisfactory: photographic film is exposed to a negatlve 1n 

any suitable manner, and is then treated, 
preferably in a continuous developing ma 
chine of suitable design, for about 31/2 min 
utes, at approximately 64° F., in a developer 
of substantially the following composition: 

. Percent 

Pyrogallic acid ___________________ __ 0.8 
Sodium hydroxide ___ _____________ __ 0. 3 

Ammonium chloride _______________ __ 0. 15 

Potassium bromide ________________ __ 0. 15 
Citric acid __________________ __.___,__ 0.02 

This developer is substantially the same as 
disclosed and claimed in the Patent No. 
1,535.700 of Leonard T, T roland. From the 
developer, the film is removed into a wash 
tank, through which water is circulated in 
such a manner that it is completely changed 
approximately once in ten minutes. The 
oxygen of the air contained in this water per 
forms the oxidizing action upon which the 
present invention is mainly based, and a 
varying oxidizing capacity of the water 
greatly influences the quality of the final 
product. It is possible to regulate and ad~ 
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just this oxidizing capacity by _agitating the 
Water bath, or blowing a certain amount of 
air into it, but it has been found best to use 
the above disclosed turnover of water o_f 
about 64° F. entering with a pH of approxi 
mately 6.5 (which can be attained with any 
suitable water purification system) and to 
keep the film for about two minutes in this 
Water. lt is important to keep the pH 
strictly at a value best suited to the desired 
gelatine relief quality, since it has been 
found that variations of the pH from about 4 
to 8.»vary the contrast characteristic (the so 
called gamma) 0f the dyed-up relief within 
a comparatively wide range. As has been 
mentioned before, a prolonged or too vigor 
ous oxidization is to be avoided, since it tends 
to make the non-image gelatine insoluble in 
warm water, e. g. to render it similar in this 
respect to the non-soluble image gelatin, so 
that the film will not properly etch in the 
subsequent warm water bath. 
From the washing and oxidizing tank, the 

film goes for about 1% minutes into a so 
lution of about 14% ferricyanide in water, 
kept at a pH of approxin'iately 3.7 and a 
temperature of about (55° F. This ferri 
cyanide bath oxidizes any remaining pyro 
gallol, acting like a developed stop, and in 
addition converts the developed silver into a 
complex, light brown cyanide compound, 
thereby bleaching the image. Furthermore, 
it also completely insolubilizes the dye-ab 
sorbing image gelatine. 
The next step is a washing for about lï/z 

minutes in water of a pH of approximately 
6.5 and a telnperature of 65° F. From the 
washing tank, the film is treated for about 
four minutes in a fixing bath of ordinary, 
non-acidic sodium thiosulfate solution at 
approximately 650 F. which performs the 
normal fixing action and in addition removes 
the compound into which the developed sil 
ver was changed in the ferricyanide bath. 

rl‘he next bath is the etching bath consist 
ing of water of about 130° F., which dis 
solves Íthe non-image portions of the emul 
sion. After properly drying it, the gelatine 
relief can now be used either directly, by dye 
ing it, or as a printing matrix. 

It should be understood that the present 
disclosure is for the purpose of illustration 
only and that this invention includes all mod 
ifications and equivalents which fall within 
the scope of the appended claims. 
We claim: t 
l. The method of controlling the dye-ab 

sorbing properties of a photographic film 
which comprises treating the latent image of 
a silver haloid emulsion in a hardening de 
veloping solution, oxidizing the solution re 
mainin;_r in the gelatine, and not consumed 
for development` in a separate bath to a pre 
determined degree, thereby regulating the 
thickness of a layer of relatively non-dye 
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absorbing gelatine produced by said oxida 
tion process and filling the interstices be 
tween image forn'iing dye-absorbent gelatine 
particles produced by the developing solu 
tion, in relation to the depth ol'v the layer 
formed by said dye-absorbent particles. 

2. The method of making gelatine reliefs 
which comprises developing the latent silver 
image of a photographic emulsion in a py 
rogallic solution, treating the developed emul 
sion with a bath oxidizing the unused devel 
oper remaining inthe emulsion, and dissolv 
ing the non-image portions of the emulsion, 
thereby regulating the proportion of inter 
mingled developed gelatine portions and gel 
atine portions coextensive with said oxidized 
developer by varying the action of said oxi 
dizing bath, so that the relief surface is sub 
stantially smooth upon removal of the non 
image portions. ` 

3. The method of making photographic 
gelatine reliefs with the aid of a developer 
which renders the latent image portions of 
an emulsion relatively dye-absorbing but in 
soluble in warm water, characterized by oxi 
dizing the developer which remains in the 
image after developnwnt, thereby providing 
a body of relatively non-dye-absorl)ing but 
soluble gelatine filling the spaces not oecu 
pied by the image gelatine, so that upon dis 
solution of the non-innige gelatine the re 
maining’relief has a substantially smooth 
surface, said non-dye-absorbing gelatine be 
ing substantially retained so far as intermin 
gled with said image portions. 

4. The method of making photographic 
gelatine reliefs which comprises developing 
the latent silver image of a photographie 
emulsion in a pyrogallic solution. treating 
the developed emulsion with a bath oxidiz 
ing the unused developer, thereby provid-> 
ing a .filler layer of relatively non-dye-ab 
sorbing gelatine between the image portions, 
and dissolving the non-image portions, 
whereby said _filler layer is substantially pro 
tected against dissolution, by said image por 
tions. 

5. The method of making photograph 
gelatine reliefs which comprises developing 
the latent silver image of a photographic 
emulsion in a pyrogallic solution,- treating 
the emulsion in a hath partially oxidizing the 
pyrogallic solution not consu‘ìned for devel 
opment, whereby a filler layer of relatively 
non-dye-absorbing gelatine remains between 
the image forming dye-absorbent gelatine 
portions produced by the developing solu 
tion, and dissolving the non-image portions. 
whereby said filler layer is substantially pro-r 
tected against dissolution, b_v said image por 
tions. 

6. The method of making photographie 
gelatine reliefs which comprises developing 
the latent image of a silver haloid emulsion 
in an alkaline pyrogallic solution, treating 
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the emulsion in an aerated water bath oxidiz 
ing the pyrogallic solution not consumed for 
development, and removing the gelatine sub 
stantially not coextensive with the developed 

5 image portions, whereby a filler layer of 

10 

15 

20 

25 

30 

35 

40 

45 

60 

65 

relatively non-dye-absorbing gelatine re 
mains between the image forming dye-absorb 
ent gelatine particles produced by the devel 
oping solution. . 

7. The method of making photographic 
gelatine reliefs which comprises developing 
a silver haloid emulsion containing a latent 
image in an alkaline pyrogallic solution, 
treating the emulsion in a bath capable of 
oxidizing the pyrogallic solution not con 
sumed for development, and removing the 
gelatine substantially not coextensive with 
the developed image portions, whereby a fill 
er layer of relatively non-dye-absorbing but 
relatively solubleÍ gelatine remains between 
the image forming relatively dye-absorbent 
but insoluble gelatine particles produced by 
the developing solution.y both gelatine con-­ 
stituents conjointly establishing a substan 
tially smooth relief surface. 

5 

8. A photographic gelatine relief compris 
ing image forming dye-absorbing gelatine 
elements embedded in a substantially smooth 
body of relatively non-dye-absorbing gela 
tine, which is at any point of the relief of 
approximately the same thickness as the 
image forming material. 

9. A photographic gelatine relief com 
prising an image forming gelatine body in 
soluble in warm Water having interstices 
substantially filled with relatively soluble 

70 

gelatine, the surface of said relief being sub- ` 
stantially smooth. 

10. A photographic gelatine relief com 
prising image forming dye-absorbing gela 
tine particles substantially insoluble in warm 
water, embedded in relatively non-dye-ab 
sorbing, relatively soluble gelatine, said solu 
ble portion forming upon the relief surface 
fillets connecting the image forming gelatine 
particles. 

LEONARD T. TROLAND. 
ROLAND D. EATON. 
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