Nov. 3, 1959

A. BARIL, JR., ETAL

2,911,299

SYSTEM OF PHOTOGRAPHIC REPRODUCTION

Filed July 22, 1952

3 Sheets-Sheet 1

z
z e ‘vllHl"ﬂf/ e 2 2
TR EEEEEE o e oX MM ENS & e e e XXX XX ® 080

ooo’i!!ﬂoo

= ze77Z P72 (2
TegZ e 7Eg. T
z
7T y 74
Yz Z 7 7Yy GE )z -2
e RO D e e e Y YelefcloIe X LN e PR ® e 0 @

PEVERSIELE SRREVERS/IBLE
—
Q
3
]
hN
N
N
N
%
T N
S
h i
[ Y00 200 g
TELIPERATURE
T
REVERSIELE
Ve R,
$
X
bN
N
N | |
N _  Lrererelors
NN AlberE BarZl, J7:
S Jreere [ DEfaarbeeres
3 ) ) RoberZ I NZesed
. 100 200" T 207788078 STERTTES
TEMPERATURE 5 %é'?jécdé , *ét’z'ﬂf '
, @ & zz ’ L ZZS.



Nov. 3, 1959

Filed July 22, 1952

A. BARIL, JR.,, ETAL
SYSTEM OF PHOTOGRAPHIC REPRODUCTION

2,911,299

3 Sheets-Sheet 2

2 i,
i
(4 o5 )

SNOURATED VEH/CLE

|4

INOURATED VEHICLE

VAV VW 772

v

] EXPOSE IV _
INDURATED CONOITION

EXPOSE /N

(;QvaWWZEﬂ CONOITION

&Y

IMMEDIATELY
RPELAX VEHICLE

7EC By A

DD
DD D e o
z

VEHICLE RELAXED

OP7T/ONAL

OPTICAL SCREEN/ING
v INOURATINVG

NON PERMEABLLE
HARDENING

FILTER VEH/ICLE
i X &
y Y

PERMEALLE /INOURATING.
AND FLASH LXAPOSURE

/ ' f/y/y

ey

A ww 77T
520
t74

ALLOW GAS 70
DIFFYSE

o2

Y

VEHICLE INOURATED

(overRALL EXPOSURE ’

)

P

I

(#eLAax I/E///C’[E)

!

esd

e

INOORATE
R HARDEN

SO

Irrr/ere oS

AZ5e7E Fariil, J7T
Trotre . JeBerbierts
ober? 77 Veese?

Ty refre. SECETTES

By

2;‘/ MVW/
7 222



Nov. 3, 1959 A. BARIL, JR., ETAL 2,911,299

SYSTEM OF PHOTOGRAPHIC REPRODUCTION
Filed July 22, 1952

3 Sheets-Sheet 3

L =2 b,
M ” oooo.o.oooo&. P2/
.| ,' ® 0 00 0.0 00 0 0 5 .
INDURATED VEK/CLE PELANED VES/ICLL

T £XPOSE IV " ENPOSE RELANED
INDURATED CONDITION VEHICLE
. V(72 &6
n/& ° o®®®/ e o0 ’Zjﬁ?
W 7+4 WAASYSESP AN : e eRRBBBe e e
INOURATED VEH/CLE

RELAXED VEH/CLE

ALLOW CAS
70 LO/FFUSE

R

INOURATE AND
EAXPOSE CVERALL

\
7eC
[ R . LR EERER
4 &'—/j ”.‘.'( f'.0.“ 5 ‘! RSO X XX /c_ﬂg
ze

PELAX VEN/CLE ¥ . : .
EXPOSE OVERALL ) C L OIFFUSE GAS )
4 : 00000 o277
,M ®®®®®/ S @@0@@] l[ R cXo)oXoXe) JI
VEHICLE RELAXED B

C_ INDURATE 3 -@ 24
VEHICLE

ezr |ooo

oool
00 ooI

GAS O/IFIUSED

L rer/ecrelors
I/'waf HBer® Feavil J7
Lrvire H Deliardicres
Poberé 77 NeeseZ
ThorriZore Stear7ts

222 /s,



United States Patent O

2,911,299
Patented qu. 3, 1959

fice

1

2,911,299
SYSTEM OF PHOTOGRAPHIC REPRODUCTION
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Nieset, New Orleans, La., and Thornton Stearns, Wis-
chester, Mass., assignors, by mesne assignments, fo
Kalvar Corporation, New Orléans, La., a corporation
of Louisiana

Application July 22, 1952, Serial No. 300,282
1 Claim. (Cl. 96—49)

The present invention relates to a process of forming
copies of records such as printed matter or microfilms
by means of compounds which produce gas upon irradia-
tion, and also to material wherein such copies can be
formed, and to the copies themselves.

It is a principal object of the invention to provide
photographic reproductions according to a technique
which is extremely simple and inexpensive and yet fully
satisfactory particularly for use in offices, libraries, draft-
ing rooms and similar establishments where it is desirable
to copy record material with a minimum of effort, with
unskilled labor, and in minimum time.

Another object is to provide such a technique which
employs material that is comparatively inexpensive, stands
up well through reasonably rough routine handling, and
produces exact and permanent copies.

Further objects are to provide a reproduction technique
which is dry throughout and does not require chemical
treatment or rinsing baths, and to provide such a tech-
nique which optionally permits the direct printing of
either negative or positive copies, with the same material,
apparatus, and general procedure.

In accordance with the invention, an essentially stable
photographic record is produced in a vehicle of adjust-
:able rigidity containing a sensitizing substance capable of
liberating gas upon exposure to radiation, in the form of
.gas sources or units that are essentially invisible upon
generation and while the vehicle remains indurated but
‘which are capable of expanding into visible bubbles with-
in the relaxed vehicle, by exposing a layer of the vehicle

in either indurated or relaxed condition to a radiation

‘image thus forming therein a record in terms of gas units,
by relaxing or indurating, respectively, the vehicle to bring
it into the other condition with image selected units ex-
-panding into bubbles to form a final visible record, and
by rendering ineffective the sensitizer which might remain
‘within the vehicle in portions which are not occupied by

:the bubbles which form the final record, thus fixing the

rrecord against further exposure; in an important embodi-
‘ment the fixed wehicle is in irreversibly hardened in-
«durated condition. '

In a practically important aspect of the invention, a
layer of the vehicle is exposed in indurated condition to
form therein a record in terms of gas. units, the vehicle

‘is then relaxed to form a record in terms of bubbles, and.

the sensitizer which after exposure remains within the
vehicle is rendered ineffective and the copy fixed by
-uniformly exposing it and by diffusing the gas unifs thus
formed from the indurated vehicle, or fixation is accom-
plished by permanently hardening the vehicle or by mak-
ing the vehicle essentially opaque to. gas liberating
radiation.

Tn another aspect, a layer of the vehicle is exposed in
indurated condition to form therein a record in terms of
-gas units, the gas is then permitted substantially to diffuse
“from the vehicle, an overall exposure is applied to gen-
-erate gas sources from the remaining sensitizer, the vehicle
js relaxed to expand. the gas units resulting from the
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overall exposure to form a record in terms of bubbles; and
a fixation step is applied. - - ' )

In an additional aspect, a layer of the vehicle is ex-
posed in indurated condition to form a record in terms of
gas units, the gas is diffused from the vehicle, the vehicle
is relaxed, and an essentially uniform exposure is applied
to generate gas units from the remaining sensitizer which
units expand into record defining bubbles; fixation follows.

In a further aspect, a layer of the vehicle is exposed
in relaxed condition to form a record in terms of gas
bubbles, the vehicle is then sufficiently indurated es-
sentially to prohibit further bubble formation while per-
mitting diffusion of gas, a substantially uniform overall
exposure is applied to generate gas from the remaining
sensitizer, and the remaining gas is permitted to diffuse.

Reproduction material according to the invention com-
prises a layer of vehicle material of adjustable rigidity and
permeability incorporating an amount of sensitizing sub-
stance capable of generating sufficient gas to form a visible
record. in terms of gas bubbles upon exposure to radia-
tion and expansion of the gas, the vehicle being character-
ized by a rigidity which is adjustable between optimal de-
grees, one of higher rigidity preventing substantial bubble
formation but of sufficient permeability to permit gas unit
formation and if desired gas diffusion from the vehicle,
and the other of lower rigidity permitting gas bubble
formation with permeability permitting escape of gas from
the vehicle. In an important embodiment the vehicle is
of the gelatin type, sufficiently indurated at ordinary tem-
peratures to prohibit bubble formation, sufficiently re-
laxed at moderately elevated temperature to permit bub-

. ble formation, and becoming irreversibly hardened to a
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highly indurated condition upon heating to a further ele-
vated temperature. o

Final copies according to the invention comprise an in-
durated layer of plastic material of essentially uniform
thickness which contains in substantially uniform distribu-
tion chemically unchanged photolytic decomposition prod-
ucts of a radiation sensitive substance, and essentially
bubble shaped cavities distributed in-a record forming
pattern, the configuration of the individual. bubbles as
well as their distribution being fixed by the rigidity of the
indurated vehicle, In an  important embodiment the
vehicle consists of irreversibly hardened gelatin.

Other objects, aspects and features will appear, in ad--
dition to those contained in the above statement of the
nature and substance including some of the objects of the
invention, from the herein presented outline of its the-
oretical basis and its practical possibilities together with
the following description of several typical embodiments
illustrating its novel characteristics. ~ These refer to draw-
ings in which: :

Figs. 1 to 6 are diagrammatical cross sections through
recording material according to the invention during
various stages of the process according to the invention;

Figs. 7 and 8 are diagrams illustrating the rigidity ad--
justment according to the invention; and .

" Figs. 9 to 12 are diagrams illustrating four respective
embodiments of the process according to the invention.

The following description presents first the general
operational principles of the most important aspects of-
the invention with regard to the properties of vehicle
and sensitizing substance, and then supplies specific ex-
amples of materials as well as of process sequences which
incorporate  these principles for various practical pur-
poses.

The photographic reproduction system according to the
invention is based on the possibility of determining a
record pattern in terms of transmission, absorption, re-
flection and scattering of the incident light by the con-
trolled formation of a structure of gas bubbles within a
vehicle, coated on suitable sheet stock or self-supporting,
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The primary photochemical reaction releases gas in a
pattern determined by a radiation image, in proportion
to the amount of radiant energy absorbed by a sensitiz-
ing substance. : .

The term “record” as herein used denotes any pic-
ture: or indicia- pattern in terms of effectively tangible
characteristics of a body, such as texture or grain dis-
tribution. A record should be distinguished from a
radiation “image” as defined by a ‘beam that is modu-
lated by- an original record, in- direct contact with the
copying surface or related thereto through the inter-
mediary of an image forming system. The term “original”
is used for any object that modulates the radiation to
which the sensitive substance is exposed; it can be a
sceéne, an original picture or print, or a photographically
or otherwise produced positive. or negative copy. The
term “radiation™ as herein used includes. electromagnetic
radiation such as light-within and. on either side of the
visible spectrum, as well as particle impingement.

The material which is used in the present system has
two essential. components in intimate cooperation,
namely the vehicle and the sensitizing substance. A
“vehicle” is the carrier or binder material for sensitizing
substances and for the gas released therefrom upon
photolysis, which gas occurs in the form of initial sources
or units, and as record forming bubbles. A “sensitizing
substance” or “semsitizer” for short, is radiation sensi-
tive material incorporated in the vehicle which generates
gas by decomposition upon irradiation.

The vehicle must have two properties in order to be
usable for purposes of the invention, namely, perme-
ability and adjustable rigidity.

The permeability has two important aspects, namely,
the internal permeability or rate of diffusion of gas
within the vehicle itself and the escape permeability, that
is the rate at which gas can escape entirely from the
vehicle.

The rate of diffusion of the gas within the vehicle
itself (internal permeability) varies between an upper
and lower limit. The lower limit of diffusion is deter-
mined by the need for gas to move with sufficient free-
dom.to obey Boyle’s and Charles’ laws. relating the vol-
ume to pressure and temperature, respectively, after the
release of what is herein referred to as “gas sources,”
from the irradiated sensitizing substance. These sources
can be conceived as single gas molecules or groups
thereof, but at any rate they do not yet form “anits” of
a frue gas. If these sources were trapped within the
vehicle upon release by photolysis, they could not form
the smallest units with the above characteristics of a
true. gas, which units might also be referred to as latent
bubbles or bubble nuclei. These sources and units con-
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stitute an invisible latent record of the image defining

radiation pattern which causes their release from the
sensitizer within the vehicle. The gas contents of the
units or-latent bubbles varies to a degree which can be
controlled by way of the internal permeability. The
upper limit of internal permeability is determined by the
spatial resolution required in the finished product, and
hence by the size of the ultimate record forming bubbles.
For example a microfilm print intended -for projection
use requires but a very small bubble. On the other hand
reproduction for example. of large size prints by con-
tact exposure permits considerably larger bubbles. For
a resolution of one thousand lines per ‘inch, bubbles of
approximately 2 microns are needed, and such a bubble
would contain approximately 23X 10~ imoles of gas.
Accordingly, for applications requiring resolution of this
fineness, the diffusion of the gas and hence the internal
pel:meability of the vehicle has to be so adjusted that
units containing substantially more. than this amount of
ga§.do not occur. Furthermore, the internal perme-
ability has to be so regulated that the gas does not diffuse
away from the exposed areas into unexposed areas whers
it might later cause general background fogging.

60

70
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This property of the vehicle, providing for optimal
internal diffusion of the gas, is illustrated in Fig. 1 where
dots m represent molecules of the sensitizer which is dis-
persed in the vehicle v. In Fig. 2 crossed dots s repre-
sent sources of gas, generated by irradiation with a radia-
tion image pattern i{. At this stage the molecules re-
leased in photolysis cannot truly behave as a gas and,
therefore, no bubble record can be formed if internal
diffusion is so restricted that the partial volumes are
small, containing only one or very few gas molecules.

The operative situation is represented in Fig. 3. Here
the partial volumes are sufficiently large so that great
numbers of the gas molecules can act together, behaving
in units « as an ideal gas, and forming under high pres-
sure the latent bubble agglomerates indicated as crosses
which can expand to a maximum size determined by the
rigidity of the vehicle, as will be discussed below. Fig. 3
also indicates how the record detail can be obscured
or even expanded into the unexposed background, thus
creating a fogged area, if diffusion is very great and
marginal units wm form beyond the actually exposed
area.

While, as above discussed, the vehicle should be of
sufficient internal permeability to allow the optimum
diffusion of gas once formed therewithin, it should have
a reasonably impervious surface so that gas is not com-
pletely lost froin the emulsion during exposure, thereby
reducing the efficiency and hence the sensitivity of the
emulsion or the film. FPfficiency is here defined as the
ratio of the actual volume of gas confined in light scat-
tering bubbles, to the amount released at standard coim-
ditions of pressure and temperature. This efficiency is
affected by the above loss of gas and by the flow charac-
teristics of the vehicle to be discussed below. Low effi-
ciency means low sensitivity because it requires more
energy to activate sufficient sensitive material to give a
required contrast. The loss in sensitivity due to low
efficiency cannot be compensated for by increased con-
centration of sensitizer because, if the concentration ex-
ceeds a certain rather critical value, then the gas units
are initially too large and impair the resolution. A high
efficiency therefore enhances sensitivity as well as detail
resolution. The efficiency is also affected by the dura-
tion of those periods of the record forming technique dur-
ing which the vehicle permits escape of gas.

The escape permeability of the vehicle furthermore
affects the permanence of the final record which will bs
further discussed below. If after record formation the
permeability of the vehicle is so changed that any fur-
ther gas released by photolysis can escape quickly with-
out forming bubbles, then the record is fixed against sub-
sequent exposure. Thus, while it is in the interests of
efficiency desirable to have a low rate of gas escape prior
to record formation, it is desirable to have a high rate
of gas escape thereafter. However, fixation is promoted
by this gas escape only if the gas previously confined
in the bubbles is no longer required to preserve the
bubble structure. This, in turn, depends upon the rigid-
ity characteristics of the vehicle which will now be dis-
cussed.

The rigidity characteristics of the vehicle have to con-
form to-certain requirements during the principal steps
of the present techmique, namely, exposure, develop-
ment, and fixation. ‘

During exposure for the purpose of providing a latent
record the vehicle, in addition to the above discussed
internal permeability permitting formation of gas units,
must have sufficient rigidity or resistance to flow to pre-
vent the formation of expanded units or bubbles during
exposure. Such bubbles would scatter light in the high-
lighted areas, thus cutting off further photolysis in these
regions, causing insufficient exposure and reducing con-
trast. ‘These considerations apply to exposure leading to
formation of bubbles which constitute a final record,
yvhil'a they do pot apply for purposes of preliminary,
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although pattern determining, exposure of a relaxed ve-
hicle, as will be pointed out below with reference to a
practical example of this type, illustrated in Fig. 11.

To convert or develop the record in terms of gas units
or latent bubbles produced during exposure, into a visible
record, the vehicle is relaxed in such fashion that the
latent bubbles can expand to cross sections which will
produce the maximum light-scattering effect consistent
with the required resolution. Fig. 4 indicates this stage
of bubble formation. The circles » which surround units
u represent bubbles of desirable relative proportions.
Fig. 5 indicates the record structure upon diffusion of
gas from now empty bubbles be. These diagrams do
not indicate possibilities of removing the remaining sensi-
tizer m, which will be discussed below. Ina practical
and satisfactory embodiment, the average diameter for
good resolution is about 2 microns, bubbles above 5 mi-
crons in diameter being undesirable. ]

In accordance with the present invention, the ratio of
the. cross section of the gas unit formed during exposure
can be controlled for purposes of optimal utilization of
the photosensitive material during exposure, and of in-
creasing the overall efﬁclency of the whole photographic
process. This ratio is therefore an amplification factor
and will be so referred to herein.

Of equal importance to unit formation by internal dif-
fusion is the increase in overall quantum efficiency that
can be obtained by utilizing the gas amplification prin-
ciple. The pressure under which the gas is released dur-
ing exposure is a function of the concentration of the
sensitive material, the primary quantum efficiency of de-
composition of the photosensitive material upon irradia-
tion, and the rigidity of the vehicle against which the gas
must expand. In accordance with the invention these
three variables are adjusted to limit the size during ex-
posure to negligible light-scattering cross sections. We
found that the gas amplification factor increases the over-

all quantum efficiency beyond that which can be obtained

by coupling the decomposed material with a dye.

Fig. 6 indicates the undesirable condition where in-
ternal diffusion has been too rapid or relaxation gone too
far so that large bubbles bl have formed which obscure
the detail.

Development by relaxing the vehicle accomplishes the
above discussed amplification by purely physical means.
If the vehicle is a thermoplastic, the requisite conditions
of plastic flow during development can be brought about
by the amplification of heat by conduction, convection or
radiation. The physical means for applying heat to ob-
tain regulated relaxation and induration consistent with
a large gas amplification factor can be quite simple,
which is a primary advantage of the invention.

Fixation has the purpose of making the record stable
and permanent in general use. The record must not dis-
appear or be reduced in contrast or sharpness subsequent
to development by losing its light scattering properties, it
must be stable against fogging or accidental re-exposure,
and it must be mechanically stable, that is sufficiently
hard to withstand ordinary handling, including damage
by scratching or softening undér the heat of a pI‘O]eCtOI'
lamp.

Preservation of the record proper can be accomplished
by hardening the vehicle after the bubbles have been
allowed their maximum expansion during development.
This freezing of the bubble structure brings about fixation
by sealing up each individual bubble to confine the gas
therewithin, and by making the walls of each bubble
sufficiently rigid so that even though the gas subsequently
escapes, the wall remains, forming a light scattering cel-
lular structure which is mechanically strong enough to
maintain itself against ordinary use. It is this second
aspect that is especially important since it preserves the
record regardless of gas diffusion from the vehicles. This
final hardening is especially beneficial because irrevers-
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6

ible and of a high degree, if the vehicle is of the gelatin”
type, as will be discussed more in detail below.

The vehicle can be stabilized against exposure and
fogging by destroying detrimental sensitizer, by per-
manent hardening, and by optical screening.

The destruction of remaining sensitizing material
which was not needed for formation of the final record,
can be accomplished in several ways, three of which have
proved to be especially important for the process accord—
ing to the invention.

The first way is to make the material thermally un-
stable such as to prevent it from producing gas. This
technique is applicable to the diazo sensitizer used in an
important embodiment of the invention. Such material
chemically decomposes at elevated temperatures, but in
such a way that the yield of gas from thermal decom-
position is much :lower than it is for photodecomposi-
tion.

Another way of destroying the remaining sensitizer is
the diffusion of the released gas such that, as rapidly as
the gas is formed by photodecomposition, it escapes com-
pletely fromthe vehicle so that bubbles cannot form.
Particularly effective is the combination of optical screen-
ing in the manner pointed out below and of slow dif-
fusion of gas released thus destroying the remaining
photosensitive material simply by exposure to a lower
level: of illumination than is required for initial exposure.

A third means of inactivating the remaining sensitizer
is to eliminate a volatile component of the primary photo-
chemical reaction. In a gelatinous vehicle for example,
this can be accomplished by way of driving off the water -
that is required for the efficient release of gas by photo-
decomposition. At temperatures practical for relaxation
development and fixation, most of the water is driven off.
In the absence of water, the quantum efficiency of the
photochemical reaction that remains possible is so much
less than the quantum efficiency in the presence of water,
that the semsitivity is greatly reduced.

Subsequent to the fixation process proper, the vehicle
can be made too hard and resistant for bubbles to form
readily under ordinary exposure conditions. Even though
small amounts. of gas are released by subsequent exposure
it cannot expand into bubbles of significantly light-scat-
tering cross section. This condition is essentially identi-
cal with that mentioned above as required for the rigid
preservation of the cellular structure, and it goes hand
in hand with the mechanical stability mentioned below
which is desirable as a protection against scratching and
other mechanical deformation in routine handling of the
material,

Stabilization of ‘the sensmzer is aided by changing the
spectral transmission characteristics of the vehicle. The
vehicle and -sensitive material, before and during ex-
posure, passes radiation of a critical wavelength required
for the primary photochemical reaction. After exposure
however, the spectral transmission characteristics of the
vehicle can in many instances be so changed that it be-
comes opaque to light of the critical wavelength., This is
in effect equivalent to wrapping up the unexposed parts
of the film in black paper forever after. - In the case of
gelatinous vehicles carrying certain diazo compounds as
sensitizers, for example, this can be accomplished con-
comitantly with the final hardening induration which in
this instance somewhat tans the surface of the gelatin.
This tanning and some coagulation within the emulsion
renders the gelatin ‘less transparent to the ultraviolet light
in the general region of 3600 A., so that the actinic spec-
tral region mainly effective for image formation is fil-
tered out.

Mechanical stability is in the main provided by the
indurating and hardening procedures described above. A
mechanical structure sufficiently rigid to preserve the
bubbles which constitute the record, as well as to prevent
the direct expansion of bubbles upon further exposure
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is sufficiently hard to meet all the usual photo‘graphic-‘

needs.

In order to perform the above-outlined functions within
the frame work of the invention, the materials employed
therein are compounded and selected as follows.

The sensitizing substance must be capable of disper-
sion within the vehicle sufficiently fine for purposes of
the required definition as further controlled by the above-
discussed permeability and rigidity characteristics of the
vehicle. Compounds of the diazo type which upon irradi-
ation liberate nitrogen were found to be especially suit-
able, but other compounds for example of the type which
liberate carbon oxides can be used.

Among the sensitizing substances which liberate nitro-
gen units upon irradiation, para-diazo dimethyl aniline
zinc chloride was found to be especially valuable, but
the following substances were also found to be usable.

P-diazo diphenylamine sulfate, p-diazo diethylaniline
zinc chloride, p-diazo ethyl hydroxyethylaniline zinc chlc-
ride, p-diaze ethyl methyl aniline zinc chloride, p-diazo
diethyl methyl aniline zinc chloride, p-diazo ethyl hy-
droxyethylaniline zinc chloride, 1-diazo-2 oxy naphthal-
ene-4 sulfonate, p-diethyl amino benzene diazonium chlo-
ride ZnCl,, 4-benzoylamino-2-5-diethoxy benzene dia-
zonium chloride, p-chlorobenzene-sulfonate of 4-diazo-1-
cyclohexylaniline, p-chlorobenzene-sulfonate of 4-diazo-2-
methoxy-1-cyclo-hexylamino benzene, tin chloride double
salt of 4-N-methyl-cyclehexylamino-benzene -diazonium
chloride, p-acetamino benzene diazonium chloride, 4-di-
methylamino benzene diazonium chloride, 3-methyl 4-
diethyl amino benzene diazonium chloride, 4-morpholino
benzene diazonium chloride, 4-piperidyl 2-5-diethoxy
benzene diazonium chloride, 1-dimethyl amino naphthal-
ene-4 diazonium chloride, 4-phenyl amino diazo benzene
diazonium chloride. .

Substances which liberate carbon oxides upon irradia-
tion and which are useful for purposes of the invention
are organic acids such as ferric ammonium citrate and
oxalic acid.

For incorporating sensitizers in vehicles used for pur-
poses of the invention, two techniques are feasible.

The sensitizing compound can be dissolved and in that
state mixed with a solution of the plastic, and the mix-
ture dried in the form of a film applied to a support.
This technique is particularly applicable to gelatinous
vehicles. Up to certain concentrations which depend on
the particular gelatin, such vehicles contain the sensitizer
most likely in molecular dispersion dissolved in the gela-
tin water. Above such concentrations the sensitizer is
probably also dispersed in precipitated form, as will be
discussed below with reference to the vehicle structure.

The sensitizing substance can also be incorporated in
vehicles which are made from organcsols which can be
fused at temperatures below, although rather close to the
decomposition temperature of the sensitizing substance,
which condition must be taken into account in preparing
such material.

The vehicle material plays a very important role within
the framework of the present invention. It must lend
itself easily to quick, positively controllable and reversible
transformation from relaxed or amplifying condition inio
indurated condition, and vice versa, and in an important
modification also to irreversible transformation into highly
hardened condition.  In either state, permeability is to
be preserved, but in final irreversible induration or hard-
ening the escape of gas can be excluded if desired.

In accordance with the invention, this transformation
is accomplished by the purely physical expedients prin-
cipally of tempsrature, and sometimes of moisture, or
both. For most purposes dry heat is sufficient, with the
ensuing practical -advantages. The vehicle is for practical
purposes of such a nature that it softens if the tempera-
ture is raised during the development process. As it
softens, the gas units and bubbles are allowed to expand
as above explained. After the bubbles have reached their
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optimum diameter, another change in temperature leads"
again to induration, either of the reversible, or at choice
of the hardening or final type. This cycle can be car-
ried out for certain gelatin emulsions such as herein
described. As the temperature is raised, gelatin of
selected types softens somewhere between 100° and 200°
F. allowing the bubbles to expand. As the temperature
goes above 200° F., the gelatin tans on the surface some-
where between 200° and 250° F., and, in general, assumes
a hard, rigid and jrreversibly coagulated structure, which
then provides the -above -discussed mechanical rigidity
which freezes the bubble walls and preserves.the struc-
ture even though the gas may subsequently escape. Vehi-
cles of the Bakelite type are somewhat similar. They
become plastic at an intermediate temperature of about
200° F., the approximate temperature required for ex-
pansion of the bubbles, and at a higher temperature
of about 250° or 300° F., polymerize irreversibly.
Other vehicle characteristics can be utilized with slight

modification of procedure. For example, a completely

thermoplastic vehicle can be used which, when warmed to

about 200° F. flows quite freely, thus providing the char-
acteristics necessary for development by bubble amplifica-
tion. Such a material need not have thermo-setting
properties if it can be indurated by cooling it rather rapid-
ly after development has taken place. Such reversibly
controllable materials can be re-exposed and re-developed
by proper sequences of heat and light application, but
can be rendered stable against the application of heat
alone or light alone as might be encountered in sub-
sequent use. Still another type of vehicle material can
be cooled rapidly enough after development to assume an
irreversible structure or degree of hardness that re-
quires the application of extremely high temperatures to
plasticize it again, being in this respect somewhat analo-
gous to the first mentioned type. S ’

For any particular material, the optimum temperatures
on either side of the transition points between relaxed
and indurated conditions depend to some extent upon the
technique of printing. The vehicle has to be chosen with
regard to the relation between bubble gas pressure, rigid-
ity, permeability, and to some extent also with regard to
the record characteristics required, which may vary ac-
cording to emphasis on fine grain, deasity, or cther
properties.

Figs. 7 and 8 illustrate the above-described temperature
determined rigidity characteristics, which are a principal
expedient within the process according to the invention.

Fig. 7 relates to vehicle material of the gelatin or bake-
lite type, which exhibits upon increase in temperature
three distinct regions of induration. The low tempera-
ture range marked ‘A represents an indurated yet per-
meable phase which is mainly employed during exposure
of the areas of the final record. In range B the vehicle
is relaxed permitting bubble expansion or development.
In range C, the wehicle indurates permanently and to a
higher. degree. This cycle is reversible so far as ranges
A and B are concerned but irreversible from range C.
It will appear hereinbelow that the invention can be car-
ried out within the reversible transformations between A
and B, without reaching C, although use of the latter con-
stitutes an important aspect of the invention.

In the case of gelatin vehicles, the function of range C
is particularly assured through the tanning and hardening
of the surface layer of gélatin, which acts somewhat as a
barrier for the re-entrance or re-absorption of water.
Such vehicles are as hard and stable mechanically as
ordinary photographic emulsion. _

Fig. 8 illustrates another cycle which can be carried
out with thermoplastic vehicles which do not have a
permanently indurated phase, but also with vehicles of
the gelatin type if range C is not used.

Expedients other than heat czn be uséd alone or in co-
operation with a temperature cycle. Such an expedient
is  moisture, especially for gelatinous vehicles. Another
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expedient is. the above mentioned optical fization by way

of changmg the light transmitting: characteristic of the
vehicle in range C. In the case of gelatin the tanning
effect which accompanies the hardening mdura‘uon can
be utilized for this purpose.

The internal structure of the vehicle is as important a
characteristic as the rigidity itself. The ideal structure
is a porous one, in which each little pore forms a com-
pletely sealed cell within which gas units can form during
exposure. These cells-should have neghglble light-scat-
tering properties, and. hence be -very small in relation to
the final bubble size. In the gelatin type vehicles, the
small cells actually contain water, namely the water of
emulsification of the gelatin. .This water contains the
sensitizer in -solution, whereas precipitated sensitizer
forms. on the cell walls. It is within these small cells
that the gas is released and collected during exposure.
In other vehicle types the cells are formed by plastic
walls and contain only such gas as is entrapped during the
compounding of the vehicle.

The support can be of any suitable matenal which
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will be transparent if.the exposure takes place there- -

through or the reproduction is intended to be.a diaposi-
tive. Glass, acetate film and similar substances are satis-
factory, provided they withstand the operatlonal tempera-
tures required.

.-Opagque supports will generally be flexible such as paper
or synthetic sheet material. These supports can be of
any desirable color. Depending on the reflection char-
acteristics of the backing or support, the diffusing bubble
record will appear thereon lighter or darker; this must be
taken into consideration in describing the photographic
sign of the record as will be pointed out below.

Example 1

100 g. of high grade dry gelatin such as sold under the
trade ‘designation “Kodak Peabody Gelatin” is soaked for
two Hours in 1900 ml. distilled water of 30° C. "To this
is added 8 g. citric acid C.P., and 10 g. of the sensitizing
subsfance sold under the trade designation “Edwal Com-
pound #8,” which is a zinc salt of para diazo dimethyl-
aniline. This is then diluted to make 2000 ml. This
emulsion is coated by conventional means on glass plates
or cellulose film of the types used for purposes of com-
mercial photography, to a thickness of about 2 mils to 0.6
mil., rather less than more, depending on process control
details and record requirements. This material, coated
on a commercial cellulose film, is for example exposed to
an original film in conventional contact or projection
printing apparatus for copying microfilm, such as- a

“ blower cooled standard 35 mm. film projector modified.

for use as a contact printer with the film stage which
consists .of two spring loaded glass rectangles, holding the
original film to-be copied and the film to be exposed in a
plane perpendicular to the optical axis.

The exposure time depends upon the output of the ex-

posure lamp in the range of spectral sensitivity of the.

material (here within a band between about 3000 A. to
4200 A.), upon the density of the original, and upon the
efficiency -of the light gathering system used. Exposure
times ranging from one second to-several minutes have
been successfully used for the above material.

The gas is then allowed to diffuse for about 30 minutes
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plied, in the manner described above for the developing
procedure  within the reversible ranges A, B of Figs.
7 and 8.. .
Example 1I .

50 g. gelatin, as above, are compounded with 1000 ml.
water. To this are added 2.5 g. ferric chloride and 2 mg.
oxalic acid. The emulsion is coated on a support, as
above.

The salient practical features of the process technique
according to the invention will now be described with
reference to the above explained basic concepts. Ex-
posure, rigidity control, and fixation will first be described
with regard to general requirements and specific process
examples will then be given. :

The record forming exposure should be of fairly high
intensity in view of the facts that most sensitizing sub-
stances at disposal for present purposes are only moder-
ately sensitive, -and that prolonged exposures are not only
undesirable from the point of view of shop or office prac-
tice but might introduce temperature changes within the
vehicle which cannot be easily controlled or prevented.
Itis possxble to utilize an illumination source for heating
the copying material, but the control of such heating com-
plicates the printing setup. Short time high intensity ex-
posure such as by way of arc lamps with efficient reflec-
tors, placed fairly close to the printing material, was

" found to be quite satisfactory, permitting exposure times
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or less, depending on the thickness of the vehicle layer; -

5 minutes is the average for thin films. The film is then
relaxed by heating it for a few seconds to about 200° F.,
between two .metal plates which are electrically heated
and -thermostatically controlled, or by infrared radiation.
This is a heating within the reversible range discussed
above with reference to Figs. 7 and 8. - An overall ex-
posure is then applied, of an intensity and duration which
are about the same as required for the above exposure
through the original.

-If it is desired to harden the vehicle 1rrevers1bly, in
region C of Fig. 7, a temperature of about 250° F. is ap-
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of a few seconds which order of magnitude can be easily
managed by comparatively unskilled operators. This is
important since the prescribed exposure time is fairly
closely tied to the properties of original and copying ma-
terial' and should be rather carefully adhered to.

Conventional contact or projection printing apparatus
can be used for purposes of the invention. In an in-
stallation for copying microfilm, a blower cooled standard
35 mm. film projector has been modified for use as a
contact printer. The projection lens can be used to ob-
serve the films during exposure. The condenser system
efficiently collects the projector lamp light to channel a
maximum proportion thereof through the film to be ex-
posed, and to permit the use of smaller light sources.
For other purposes, exposures have been made directly
by General: Electric AH-6 mercury arc lights, by photo-
flood lamps,: and by projection lamps alone, in the film
stage of microfilm readers.

The rate of gas diffusion from the exposed areas: -of a
particular vehicle sets an upper limit on the length of
exposure. Underexposure results in lack of record, or in
thin records of inadequate contrast. Overexposure re-
sults in fogging at the edges of records due to sensitizer
decomposition or bubble expansion beyond the record
contours. Unless the sensitive material is purposely ex-
posed in relaxed condition, care must be taken not to
have the film so close to the light source as to permit heat
to cause relaxation and hence development dunng ex-
posure. Forced cooling can be used.

The emission spectrum of the source of radlatlon
should be chosen with a view to the particular sensitivity
of the sensitive substance. A preferred embodiment us-
ing “Edwal #8” in gelatin as above described, is sensitive
to radiation within the wavelength band of 4200 A. down
to 3000 A.: this permiits the use of ordinary orange room
light for handlmg

Overall fixing and developing exposures such as will be
described below are less critical. For most fixing pur-
poses overexposure is harmless since complete exhaustion
of sensitizing substance is desirable. Suitably diffused
sources including daylight, are practical for this purpose.
Overall reversal exposures are generally speaking similar
to fixing exposures.

Rigidity.control of the vehlcle for purposes of develop-
ment as well as fixation can be carried out in various ways
as indicated above, mainly by application of heat or mois-
ture or both, -
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Temperature control is the principal expedient for ad-
justing rigidity according to the invention. It can be ef-
fected by way of convection such as treatment in an oven
or air stream, or by conduction such as by way of heat
controlled plates or baths, or by radiation such as in-
frared rays. Combinations of such temperature control
methods are possible and in use.

One practical method of heat treatment is to place the
material after exposure in range A (Figs. 7 and 8) be-
tween two metal plates which are electrically heated and
thermostatically controlled within the ranze of 185° F.
to 235° F. This has been a thoroughly satisfactory de-
velopment method for gelatin type vehicles. A few sec-
onds suffice for development in range B, and an additional
5 to 20 seconds lead to range C and fixation through ir-
reversible hardening of the vehicle.

For heating gelatin vehicles to range C, irradiation with
infrared energy has also been found satisfactory. If
properly controlled, this induces fixation through ir-
reversible hardening of the vehicle and optical screening.

A method frequently used for developing gelatin ve-
hicles is to combine temperature and moisture control by
passing exposed material rapidly through an atmospheie
or jet of low pressure steam. The warmth of the steam
cloud or low pressure jet, scmewhat below 212° F. and
thus within the desired temperature range B, together with
the moisture serve to develop out the latent record. It will
be understood that these conveniently adjustable tem-
perature and moisture controls are materially dependent
upon initial and thereafter unchangeable selection of
other factors, such as thickness and inherent porosity and
plasticity properties of the vehicle material.

The relaxation time required for development is gen-
erally not very critical; between 2 and 5 seconds suffice
in most instances for satisfactory development. For fixa-
tion there is no particular time limit.

Several methods for fixation of vehicle and record are
practical and will now be described. As will become ap-
parent from the practical examples, they can be used in-
dividually. or combined, according to circumstances.

Application of heat for changing from relaxed condi-
tion in range B to indurated condition in range C or A
(Figs. 7 and 8) is the principal fixation expedient. This
change from relaxed developing to indurated nondevelop-
ing condition involves mainly controlled and fairly rapid
application of heat or quick cooling. The expedients
used for changing from range A to B can be used such
as hot plates, air blast devices and heat radiators, and
temperature control is accomplished with conventional
thermostats. In the case of gelatin vehicles, satisfactory
fixation is accomplished by keeping the material between
controlled  temperature hot plates, beyond the required
development time. A time of 5 to 20 seconds, depending
on the temperature gradient, has been found to be ade-
quate, leading to a great degree of permanence. Another
technique is application of infrared light continued be-
yond the required development time.

Gas' diffusion is another important fixation expedient.
After development, the entire film surface can be exposed
to light of intensity-sufficient to cause photolysis. If the
vehicle is then not placed again in development condition
the released gas does not form bubbles but diffuses out
of the film. Sufficient fixation exposure to destroy all
photosensitive material not originally imaged exposed and
developed has been achieved -in- times generally about
the same as required for exposure of the record proper.
After such exposure, the diffusion process requires from
2 minutes to 30 minutes, the time depending on the thick-
ness of. the vehicle layer.

Because of the availability of the diffusion method of
fixation, it is not always necessary to introduce fixation
as a definite step in the process. The developed material
if put to routine use is in some cases necessarily exposed
to sufficient light to complete photolysis in the previously
unexposed areas. Thereafter, in ordinary storage, the re-
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leased gas diffuses out and leaves the non-record areas
clear and incapable of further change. It will however
be understood that fixation according to the invention is
in many cases an important and indispensable step.

Four different practical embodiments, some of them
with optional variations will now be described by way of
example. Since the underlying theoretical considerations
and the procedural details which are selectively used in
these examples are sufficiently described above, they will
not now be repeated, unless specific circumstances call
for one or the other detailed directions.

Due to the adaptability of the present system, it is very

" easy, by way of minor procedural changes, to make copies
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of the same as well as opposite photographic sign. As
herein understood, the term “photographic sign” describes
the general gradation relation of original and copy so
that any reference herein to printing with the same sign
means making a positive from a positive as well as a
negative from a negative, and printing with opposite sign
means the making of negatives from positives as well as of
positives from negatives, the term positive and negative
being used in a relative sense to express mutually comple-
mentary record patterns, independently of the character
of the support which for this purpose is assumed to be
transparent.

The adaptability of the present system is similary ad-
vantageous with regard to the fixation procedure which
can be easily modified for any practical purpose.

In Figs. 9 to 12, only the coatings C are mainly shown,
for the sake of simplicity. The various phases undergone
by the sensitizer are indicated in the same manner as in
Figs. 1 to 6. The three vehicle conditions are indicated
by single, double and triple contours, corresponding to
temperature ranges A, B and C respectively.

Fig. 9 shows at ¢9 an original O directly superimposed
upon a film F which consists of a coating C and a support
S. The coating C comprises a vehicle v and a sensitizing
substance indicated by dots m. The original O can for
example be a microfilm and the two elements O and F
can be exposed in the above-mentioned modified pro-
jector. Assuming that the coating is of the type described
above in material Example I, the vehicle is at room tem-
perature and hence in indurated conditicn corresponding
to range A of Fig. 7. Upon exposure the original O. im-
presses its record upon the beam L of collimated light,
establishing a radiation image in terms of sources s. As
indicated at 59, this exposure produces a record pattern
composed of units u.

At ¢9, the vehicle is then relaxed as above described
with reference to Fig. 7, by raising the temperature into
range B. This induces expansion of the gas units u into
gas bubbles . The coating C now contains a record,
corresponding to the original O, in terms of visible bub-
bles containing gas, and unexposed sensitizer mec. In
order to fixate the record, various techniques can be em-
ployed in accordance with the invention,. as discussed
above. Three optional fixing procedures will now be
explained.

As indicated at 49, the coating C can be brought into
indurated condition by cooling it to region A which will
inhibit expansion of the gas units u#d. A uniform ex-
posure is applied and the gas developed during such ex-
posure allowed to diffuse through the vehicle which, it
will be remembered, is still permeable. The record de-
fining bubbles b solely remain as shown at ¢9.of Fig. 9.

An alternative uses the possibility of hardening the
vehicle in temperature region C, as indicated at f9 of
Fig. 9. This arrests with safety any further expansion
and it is in this case unnecessary to make certain whether
or not an overall fixing exposure is applied and the gas
permitted to diffuse.

A further alternative is shown at g9. In this instance
the vehicle is rendered opaque for actinic light as indi-
cated by cross hatching of the diagrammatical showing of
layer C. As mentioned above, this technique of impart-
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ing an optical filter action to the vehicle can be connected
with the tanning in accordance wih f9 in which case
fixation is even more safe, although it will be understood
that either procedure f or g is sufficient, and that the re-
spective steps can be separately applied by means which
are expedient in any particular envircnment.

This modification results in a record of opposite photo-
graphic sign from that of the original.

As indicated in Fig. 10, the first two steps a10 and 510
are in this instance identical with steps a9 and b9 of Fig.
9. However, whereas according to Fig. 9 the vehicle
is relaxed immediately after exposure in indurated con-
dition, the gas is here given sufficient time to diffuse from
the vehicle, as indicated at ¢10. A negative record in
terms of semsitizing substance mc remains. At d10 this
is now given an overall exposure that converts the sensi-
tizer molecules into gas units ud. The vehicle is there-
upon relaxed, permiiting the gas units to expand and
form bubbles be as shown at ¢10. It will be noted that
in this instance fixation is unnecessary so far as remain-
ing sensitizer is concerned, but for mechanical reasons
another induration can be applied as indicated at f10.

This technique produces a final record of the same
sign as the original.

In the example according to Fig. 11, the first two steps
are similar to a9 and 59 of Fig. 9, namely exposure and
gas unit formation at approximate room temperature.
The step ¢l1 is similar to step ¢10, namely the diffusion
of the exposed portions, resulting in a negative record
in terms of sensitizer molecules mc. The vehicle is
thereupon relaxed and an overall exposure applied which
results in a negative record in terms of bubbles shown
at bd. The vehicle is then indurated or hardened in
temperature region A or C, which results in the permanent
record indicated at eil. It will be noted that this is the
techmnique according to Example I.

The record el1 is of the same photographic sign as the
original.

As indicated at al2 of Fig. 12, the vehicle is in this
instance in relaxed condition during exposure. As in-
dicated ‘at 512, the irradiated sensitizer molecules im-
mediately expand to. form bubbles bb, whereas in the
unexposed portions the sensitizer m is not affected. As
indicated at c12, an overall exposure is then applied
after the vehicle has been indurated. This preserves the
record in terms of gas bubbles whereas the remainder
consists of units. This record can then be fixed in any
one of the ways described above with reference to Fig.
9. Fig. 12 indicates a preferred embodiment according
to which the gas is permitted to diffuse from condition

10

15

20

25

30

35

40

45

50

14
¢12, which provides an indurated vehicle record in terms
of empty gas bubbles bf.

The record according to this modification is of opposite
sign to the original.

It should be understood that the present disclosure is
for the purpose of illustration only and that this inven-
tion incjudes all modifications and equivalents which
fall within the scope of the appended claim.

We claim:

A method for producing essentially stable photo-
graphic records in terms of substantially purely textural
changes of a vehicle whose rigidity varies reversibly
within a given temperature range and which contains
dispersed therein a photolytic compound capable of lib-
erating gas upon irradiation which gas does not effect
said textural changes at a low temperature within said
range but effects such changes at a vehicle relaxing tem-

‘perature that is comparatively high within said range,

comprising the steps of exposing said vehicle to record
defining irradiation in comparatively rigid condition at
a temperature that is comparatively low. within said range,
diffusing said gas as liberated from the unchanged ve-
hicle at said low temperature, and subjecting said vehicle
to said high relaxing temperature with application of
essentially uniform irradiation, whereby gas is liberated
from the previously less irradiated vehicle portions effect-
ing development of said record defining textural changes,
the - photolytic compound is essentially eliminated, and
the record essentially fixed.
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