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PREPACE

This report presents a summary of the Free Radical Film Development Program
being cartied out at Horizons Research Incorporated, Cleveland, Ohio. The Free
Radical System isa very high resolution molecular dve medium capable of producing
camera speed film, This project has been sponsored under the auspites of the
National Reconnaissance Office (NRQ) and managed by the Central Intelligence Agency
{CIA]. This report discusses the bagkground of Free Radical Film developiient and
the rationale for its use in National Reconnalssance Program (NRP) Bystems., In
addition, the theory of Free Radical reactions, current status, and {he fubure program

plan are presented.
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1.1 INTRODUCTION

HEXAGON/GAMBIT

SECTION I

BACRKGROUKD

Current pholographic reconnalssance systems in the National Reconnaissance Program (NRP) are exiremely limited by the choiee of films

whieh can be flown. The mest commonly used film in fhe NRF ioday is Film Type 1414 which 18 en 2 1.5 mil Estar base,

aerigl film speed of 15,0 and a low contrast {1.7 1 1} resolving power of 280 cycles/mm.

This Iilm type has an

Even though 1414 is the highest resciution film currently used, it is rapidly becoming a significant Wmiling facior to ultimate system

performance. In other words,; the state-pi«the-art of today's satellite reconnaissance systems has achieved a level of performance where the

recording mediuny is a confrivetor to performance degradation.

HEXAGON Optical SBystem is compared with the MTF of 1414,

situgtion which résults in recording less infarmation than the lens is basically capable of transmitting, The {loal reduced MTF is ghown as Curve C.

Axn example of this is shown in Figure 1-1, where the nominal MTF of the

It ean be seen that the MTF of the film is nedarly identical to that of the lens, o

Table 1-1 shows o comparigon of Free Radical versus Film Type 1414, It can be seen {rom these valués that if Free Radical were flown in

the HEXAGON Bystem that performance would improve by appraximately 40 perecent.

TABLE 1-~1

COMPARISON OF FREE RADICAL VERSUS 1414 PERFORMANCE WITH
HEXAGON AT 82 NM ALTITUDE

Solar Altitude
{degrees)

16
ki
50

Ground Resslved Distance (GRD)

Free Radical 1414
{teet) (eel)
»«g}}m 2.9

1.8 2.4
1.5 2.2

NOTE: These are two sigma low valies,

i1
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COMPARISON OF HEXAGON LENS (MTF) AND 1414 FILM TYPE (MTF)
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It i= cur goal to afizin a recording media that maximizes system eapability and, hence, minimizes informational loss, The fundamental
problem, However, is ihe inherent Umitation of the silver halide recording media.

Because of the fundamental nature of silver halide recording materials, there is always a speed/resclution trade~off. Figure 1-2 Ulustrates
this point. This figure plots speed versus resolving power for several of the more common aeyial films. It can be seen that there is a Jog-linear
relationship between speed and resclving power. What fiis means is, that if major hoprovements in filip image quality are to be made, they will
only be achieved with slgnilicast logses in spesd. The conclusion is that significant Improvements in image quality of silver halide {ilms gre not
practical while maintaining usable camera speed.

The problem can be swemarized as follows;

&, Current silver halide flms are causing a reduction in the optimaun performance of the satellife systems,
B. To maximize perferraince of NEFP photo/optical systems, higher resclulion films dre necessary,

C. Sigoificant practical improvements in the image quallly of silver holide films f8 not expected based on the current smulsion technology,

1.2 HISTORICAL SUMMARY
The term "Free Hadical Photography' was coined at Horlzons Incorporated to identify a new lght-activated color<forming chemical reaction
invented by Dr. Eagene Wainer in 1888, The name originated from the belief that the color-forming reaction was initiated by the splitting of earbon
tetrabromide under the difluence of Hght into two free radicals (Br- and CBrS} whieh was then followed by chain-propagated condensation or
oxidation reactions yielding several molecules of dye fot each photon absorbed, This reaction and the mechanism of formation of the dye was first
disclosed at the Rapld Processing Symposivm held in Washington, DC, on Odtober 15, 1860, This and other photo-chemical reactiong were
covered under United States Patent No. 8,042,515 (July 1962}, Bince this time, approximately 100 patents have been issued and/or applied for.
Sample coatings and a briefing of these light-sensitive materials were given to representatives of the Alr Force, This led to s contract
being awarded on December 1, 1858, The goal of this contract was further improvement of the proeess and included: (1) extending the speetral
sensitivity into the visible region, (2) increasing photowspeed, and {3) investigating the chemistery of the process, The first vear's werk resulted

in discovery of a pew visible Hght-sensitive system based on mixtures of styryvl or evanines dve bases activated by carbon tetrabromide.

13 BYE 15266-7T4
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FIGURE 1-2

! ] ! ! J ! | E i | I ! ! i

TOP-SREEREE- 20016 HEX AGON/GAMBIT

NOMINAL SPEED VERSUS NOMINAL LOW CONTRAST RESOLVING POWER
FOR SEVERAL AERIAL FILMS
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As a result of the first yesr's work, the Aly Force swarded a follow-on eontraet starling o February 1961, During the second yesr's work,
three different pholo-systems were lvestigated., Work on all three photo-systems was undertaken in the following areas: {1 analysis of lmage
dyos, (2) study of resction mechanisms, (3) improvements in speed and spectral response, (4) svnthesis and testing of new aetlvator compounds,
(5} speed increases through variation of formulation, (8) investigation of dry-{ixing methods, and (7} studies on the guantum yield of the photo-
reaction, Considerable progress was made in all phases of the work., Good guality hand coated films of the carbocyanine base system were made
on a Mylar base which had jet black image color, exeellent continuous tone, medium contrast gradation, and a rvesolution of at least 250 lineg
per millimeter. Sclvent fixing was still required, and speed was relatively low,

Support for this work was continded by the Air Force sturting In February 1962, The research was direeted along the same lines as the prior
vear's contract excepl for a new emphasis on fundamental studies of the kinetics of the free radical image forming reactions. A survey was made
of all literature dealing with free radical and autoxidation reaction mechanisms, with particular refevence to inhibitors and accelerators of ohain
reactions and kinetic studies of these phenomena,

Government gponsorship continued along the same research lines through the end of 1966, The main thrust of this effort was divected at
formulation development, Filhm speed continued to increase. By the middle of 1968, the speed was approaching an ASA of 0. 01 or roughly o
1,000 thoes speed increase over the indtal process, There is no direct correlation between ABA and ATB speeds; generally however, ASa speeds
are 2 {0 3 times greater than AFE speeds.

Also, in mid-1965, it was found that a wniform post-exposure to selected radiation of longer wavelength than the image exposing radiation
produced image amplification on the order of 100 to 10,000 times. This dry development process has been termed Red-Lite Development (RLD) and
was a main impetus for proceeding on to a camera speed film, Tn the game thme period, o HBinited efforl was sponsored by the Alr Foree ona
higher speed leuco systerm.

In the period from 1967 thru mid-1969, the emphusis on Frev Radical Systems shifted to Duplicating and Lagser Hecording fHlms,

By January 1969, the following Free Radical Systems had been developed:

A Aromatic Amine Condensation System

A low speed printoul system with no RLD processing capability,

1-5 BYE 15266-74

el - 20016/ HEX AGON GAMBIT

c168CTG00

£16821500 ST/L0/ST0T :osesjey Joj paroiddy



£16821500 S2/20/S20T ‘oses|ay 10} panoiddy

FoP-mEeREE- 20016 HEX AGON/GAMBIT

B, Ne-vinyl Carbozols System

A Lo speed photo-polymerization system best emploved for photo-resist applications.
. Dye Base System

A gystern comprising an armoeatic amine dye base and an acid to produce g color dye with RLI capability,

3. Leuco Bystems

Good speed systerns capable of RLD procossing.

The latter two systems are the ofies which form the basis of the curvent system,

in the latter part of 1969, new smohasis was placed on the development of camers speed lilme, The shelf Yife problem sod spectral
sensitization were of prime concern. By fhe end of 1970, ASA speeds of B 1o 10 had been demonstrated and spectral sensitivity to 610 nanometers
had been produced. The shelf life was still poor (15 {1y 30 minutes), and the garuna and contrast were low,

Duaring 1971, poly-viuvl aleohol (PVA) overcoats were investigated to incvease shell Yife. By mid-1072, an overcoat was found that
significantly oproved the Him's shelf lifs,

In late 1972, & new binder material was utilized and betier chemical nhibilors were discovered leading to bnproved pholographic properties,

During 1873, the emphasis was concentrated on developlog » chemistey that would lend itsell to machine coating,

Figure 1-3 presents o techoical sunomary of the development and significant milestones of the Free Radical Film Development Progiam,

1.3 BUMMARY OF FREE RADICAL ADVANTAGES
The follewing is o summary of some of the advantages of using Free Hadical versus the silver halide filme:
A, Higher resolution which is possible due {o the moleenlar straeturs of the dye image versus the larger grain sizge lp silver {lms,
B, Fo graln nolse versus large level grain nolse in silver, This feature allows for a higher DEE on the order of 0% to 40% versus 1%
to 2% for silver halide. This indicales that Free Badical is mwore capable than the silver films of recording low contrast, low detectability images.
(. Since they ate grainless, Horizgons' camera speed {ilms show mach greger poterdial for computer disection, reconstruction, and
manipulation thad anvthing possible with stlver grain materials,

D, The fmage in Horizons® camera-speed filims appears to be one which is formed throughout the entire depth of the pholo-gensitive

R BYE 15266.74
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layer, Esperimental evidence indicates that the image is not & surface, middle, or lower layer image. This implies a wider range of focus than
silver films allow when these materials gre used in the camera. The critical focus problem experienced with most high resolution camers systems
utilizing silver halide film could be relieved by the use of this material,

E, The dye image Is an #bsorbing and not scattering material; therefore, subseguent dupleations of this high resolution dye image would

also produce images of finer detall and higher resolution,
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SECTION IT
THEQRY

2.1 INTRODUCTION
Free Radical photography may be defined chemically as the formation of dye a8 a consequence of exposure 1¢ electromagnetic or eorpuscular
radigtion of & composition containing a dye intermediate and a Free Radical progenitor, In some cases, the dye intermediate itsell may be the

Free Radieal progenitor.

2.2 DESCRIPTION OF FILM AND PROCESS

Horigons' Camera Bpeed Film depends on the formation of organic dye molecules [visible dye) as a useful image, see Figure 2-1 for a diagram
of the chomistry invélved in the dye-forming reactions. The useful Image i produced from the formation of & Hpht-sensitive complex between
an organic balide compound called the "activator' aod the dye lormer which 1s an organie amine. The dye former b the Horizons® Camera Speed
Film is vefervead to as D-260. The ghotographic layer of the film i composed primurily of the dve former apd the getlvator in a mivtare which
alsn includes a plastic binder. When exposed to light, the absorption of 2 phiolon leads to the breaking down of the complex and the production of an
energetic one elecivon species called "freé radicals', The reaction proceéds to the point where the end is the formation of a stable organic dve
mslecule,

The processing after exposure closely parallele the steps whieh are found in silver balide film processing, Afler exposure, the latent image
is amplified by the Red-Lite Development (RLD) Process. This optical development process is porirayed in Figures 22 thyy 2«4, This is the
counterpart of liguid development in silver halide photography, During this process, the Hiim is exposed to 2 uniform selective wavelength
red Light exposure which is currently within the range of 865 to 725 nanometers, The cholee of the development wavelength is tied fo the amplifi-
cation desived and the particular gombination of ingredients in the photo-gensitive layer. This development process is capable of amplifications in
the order of 1,000 {o 100,000 fimes. It appears that the BLD Process works by the image dye absorbing light ot o longer wavelength than the
photo~gensitive eomiplex, The photo-sensitive cotuplex was previously given as being composed of the dye forimer and the activator. The

Red«Lite Development Process is selective, as is the silver film organic development cycle. Only the latent lmage dye absorbs the longer RLD

21 BYE 15266.74
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FIGURE 2-1
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CHEMISTRY OF DYE-FORMING REACTIONS
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OPTICAL DEVELOPMENT PROCESS

BAND PASS OF
SENSITIVITY ABSORPTION  RLD ENERGY
UNEXPOSED
LIGHT-SENSITIVE
COMPLEX
Z RED-LITE
e IMAGE DYE DEVELOPMENT
?
0
<

%

TRANSMITTANCE

i i
400 500 600 665 800
WAVELENGTH (nanometers)

NOTE: ‘The hashsmarked area illustrates the red light furnished by & cub-off or band-pass filter selected tooverlap absorption of image dye

{blue) in-a Tegion of little or no absorption of 4 light-sensitive complex (yellow),

FIGURE 2-2 2-3
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FIGURE 23

“‘FeoP-SEcREF 20016- HEX AGON/GAMBIT

HOW OPTICAL DEVELOPMENT WORKS

LATENT
LIGHT-SENSITIVE IMAGE EXPOSURE PRODUCES
COMPLEX EXPOSURE SMALL, INVISIBLE

AMOUNT OF DYE

* RED-LITE DEVELOPMENT

BLUE DYE ABSORBS
RED LIGHT; AND
TRANSFERS ENERGY
TO NEXT NEAREST
NEIGH BOR COMPLEX

EXCITED NEIGHBOH
COMPLEX REACTS TO
FPRODUCE MORE DYE

NOTE: The molecular dimenslons combined with the next nearest peighbor spatial requirements for
energy trangler resull in large smplification factors without measurable loss in resolution.
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FIGURE 24
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OPTICAL DEVELOPMENT POSTULATED MECHANISM

2 Lignt sensitive compler absorks photor mod rased 1o seoied dinolel state
S Ercited minglet collapses (o longer len mipiet state
Tripiet staw of complex ungergoes chemira macton 0 produce dve,
Tve absorbe red lght photon and raised 1o excier singiet stnte,
Excited sinniat of ova collapses 1o longer lived piglet siate
Dye riplel at nigher anergy than compiex triplet Energy lranslered to
produce more comples tnlet which subseouanty grodoges more dye (S 35
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wavelengths; the dye {ransfers this absorbing energy lo 2 neighboring pholo-sensitive compley which initiates the formation of additional dye
molecules.

Qnee 2 visible image has been produced by RLD fo the level required for the particular application, the film poes {0 a fixing step, The fixer
{solvent rinse) is & liguid leaching process which selectively removes the unused activator gnd the dye former from the plastic film matrix. This
selectivity allows removing the unused activator which, if not removed, would fog the Hlm when exposed to room light. This process does not
remove the visible dye already formed by the latent image exposurs in the camera and the subsequent amplified dye irmage produced after the
Red-Lite Development., The Image dye is not soluble in the {ixing solution, but the dye formers and activator are. A summary of the film
compusition, exposure, development, and fixing stuges ave presented in Figure 2-5.

The film 18 now eapable of being handled in normal room light as would be the case with fully processed silver halide counterpart material.

2-6 BYE 15266-74
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FREE RADICAL CHEMICAL PROCESS
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3.1 INTRODUCTION

SECTION I

STATUR

0018/ HEX AGON/GAMBIT

A significant milestone was uchieved in the Free Radical Program in January 1974, It was demonstrated that it is possible to continuously

coat short lengths of Free Ruadical Camera SBpeed Film on an Engineering Coater, To date, hand coatings have been the primary method for

investigating many of the chemical and physical problems discovered during the past four years.

Liabovratory eonlinuous-processing equipment

is now being tested to provide not only continuous coatings of 70 mm by 250 foot lengths, bul also the ability to Red-Lite Develop and solvent

ringe (fix) these rolls on a continuous basis, The perforwance of the technology has shown and appears to have the capability of meeling the film

specifications presented in Table 3-1.

FILM SPECIFICATIONS

Characteristic
AFE Speed
Shell Life (days)

Resolving Power (eycles/mm)
Usefal Sensitivity (nanometers)
Gamms Range

Dmin

D
facking

TABLE 8-1

3-1

Specifications
9.0 (ASA = 20)

Minimum reguired, E’_ 30 davs with
goal of B0 days al 70°F

1000 cycles/mm at 291 contrast
400 to 660

1.4t0 2.0

< 0,30

Sufficient to produce useful log exposure
range of 1.5

O ECHRTT - 20016 HEX AGCONGAMBIT
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This photographic system appears to be al least as critical in the formulation interactions as s silver counterpart, During the evolublon
of this éj;’s’tﬁm, sach chermical change used to alleviate an aren of poor performance hus led to the reduction of performance in other eritical
areas, However, it has been possible vach time to rebalance and golve these varlous interactions. What is smmphasized hers 15 that the
performance of the Free Radical Imaging System is the resull of o combinafion of many separate pavis, each pluying a vole in securing the

present or future performance. The detalled summary of enrrent progran status and problems is presented below,

3.2 LABORATORY CONTINUQUE COATINGS

Duving the pericd from December 1873 thru January 1874, over 150 coatings 10-10 fest long by 70 mm wide were made op the Enpineering
Coater, These were contlnuous coatings which ineluded near simultanepus coating of both the photo-sensitive layer and the poly-vinyl aleohol
{(PVA) gvercoat, These costings demonstrated that the Free Radieal Camers Speed Film s coatable on 4 reasonably repeatable basis, These
coatings demonstrated film speeds near those specilied and the dogived sensitometric vesponse, Le. , pamma, fog, nmax' Continuons coated
films undergoing shelf lide tests bave shown no significant differences Irom previous hand coated samples. Many samples have execeded 80 days
shelf life and are giill belng tested., The important aspect of the Engineering Coaler s that this vow glves us an ability to make Free Hadical Film
of reasonable guality with a minlmam of seratehes, voids, pinholes, ste, The ability fo produce reasoneble quality filme even in Bmited guantlly
witl allow a considerably greater evaluation of the filin characteristics. It should be eémphasized, however, that these coatings are not production

guality, Thiz step is one that is prior to eves the development of pilot coatings.

3.3 SENSITOMETRIC RESPONSE

The sverall sensitometrie response of the film indicates that the contract specifications can be met. The Englneering Coater has produced
AFS values of 9.0, The latest shelf 1ife Lests are showing liftle speed lpss with Formula 15 Tests approaching one montl's storage at voom
temperature. Figure 3-1 {llustrates typical film data from the Engineering Coater. These curves are not intended to show the longest sheli life
or highest speed the fim is capable of, but fust an example of the latest results, Testing is 5111l underway with Films made at the same time.
That 15, the ultimate shell life of Formuls 156 is vef to be determined, Curve € Hlusirates the highest spesd Formula 15 costing seen fo date:
however, film speed is nol consgidered a significant problem at this puint in the program. Speeds near to or equal to the contract specification

have been obtainable lor the last twoyesrs. Unfortunately, every tlme some aspect of the formuls or the coabing changes, speed usually drops and
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TYPICAL RESULTS OF CURRENT FORMULA COATINGS
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then readjusis 28 the change is optimized. The formula has never beeq stable enough during the R&D program to enable spending sufficient timse
studying the "ullimate” speed capabilify of the Free Radical Film System. The curvent formula, however, is close enpugh to optimum to snable
it to be coated on the continwous Engineering Coater.

The work over the past two vears, which includes the continuous coatings, clearly indicates that the desired gamma, Dmin’ arrl me{
requirements have been achieved.

In summary, the sensitomeivie apecifications of this film are reasonable and can be achieved. It is felt, thevelore, that this will not be a

problem ln future developments,

2.4 IMAGE QUALITY (RESOLVING POWER)

Extensive resolving power testing of the various formulas has shown values on the order of 800 {0 1,200 eycles/mm at a 1, 6:1 confrast
regardless of the formula, To dale, no relationship hes been found between the film speed and resclying power, although one must certainly exist.
Theoretical somputations at Horizons indicate that the resclving power of this lm will not be adversely affected until the film speed approaches
an AFS value of approximately 200 to 300, Figure 3-2 illustrdtes a3 Threshold Modulation (TM] Curve comparison between 1414 and Free Radieal
which shows that Free Radical Film has superior imaging charasteristivs. Figure 3-3 graphically shows the difference in imaging characteristics
between 1414, 3400, and Free Radical Film types. The basic molecular nature of this {ilm insures a capability to provide the resolutions desired,
There are some practical problems, however, which ave diseussed later in this report.

An interesting phenomena has beey cbhserved which indicates that bmage formation in the photo-sensitive layer of this Free Radical Pllm may
be unigue, Esperiments have iodicated that the image is not formed oo the surface, middle, or lower vegions of the {ilm, but appears to build in
a unigue straight lne through the flm (top o bottom) resnlting in very high sharpness sven at the resolution limit., This indicates that Free

Radical Film does not exhibif the usual light scattering associated with silver halide films,

3.8 SHELF LIFE
Bhelf life has been one of the primary areas of concern since the inception of this development program,. Early versions of a camera speed
film had a shell life on the order of minutes, Usually after 156 minufes, the pholographic system was completely dend, Investigations determined

that the cause of the speed decay wilh time was twafold. First, the carbon tetrabronvide activator vapldly sublimated out of the sensitive laver;

§ud BYE 15268-74
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IMAGE QUALITY COMPARISONS UTILIZING ANTENNA AND BUILDING

FREE RADICAL FILM TYPE

1414 FILM TYPE

3400 FILM TYPE
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and seeondly, oxygen in the alr apparently caused the formation of hydro-perodides which causes & cessalion of the {mage formation chain reaction.
Both of thege problems were solved by the use of a PVA overcoal,

While the overcoat solved the rapid speed decay problem, the ultimate shelf life of the Free Radical Film bas vel to be determined. Hand
coatings with overcoals were very unsatisfactory for shelf Iife testing. Any physical defect (pinholes, dust, dird, ele.) in the coating eavses
non-image density bulldup making the fest resulis marginal af best, However, it should be noted that the best shelf life attained with this mode of
testing was 50 days. The Continuous Coaler will provide considerably improved guality coatings, and should allow for more extensive testing of
the film’s shelf life capability., The other dovious diffteulty i runping tests of this length is that the evaluation takes the same amount of thme,

i.e., it takes six months to determine if the film has a six month shelf life.

3.8 PANCHROMATIC BENSITIVITY

The fnherent sensitivity of the Free Radical Camera Speed Film Bystemn is in the UV, blue, and greon regions of the spectrum. In order to
make a useful camers film, spectral sensitivity must be lnereased to 860 vanometers. The possibility of sensitizing to this region was demon-
strated in 1971, Work was delaved, however, so that ether key problem areas could he accomplished, i e, , shell e al T0°F, ete.

During the past six months, work on pan sensitivity was resumed at a low level, Again, it was demonstrated that the Free Rudical System
can he sensitized to 880 panometers and beyond, and that the process to secure pan sensiiization closely follows that of silver halide systema.

From these hand coating trials, work will now concentrate on continuoug coatings. The effect of pan sensitivity on shell life, AFY speed
increase, and the interaction of pan sensitivity with the optiwiom cut on wavelsngth for Red-Lite Development must still be investigated.

There appears to be no major osstacle in seeuring the required pan sengitivity with continucus coatings since the mechanism has alveady

heen demonstrated in the static case, The problem, however, is the possible interference with Red-Lite Development,

3.7 BED-LITE DEVELOPMENT (PROCESSING)

Several hypotheses have been postulated fo explain the mechanism of Red-Lite Development; these employ the classical Jablonski Energy
Transier Medchanism, Although the mechanism of RLD is not absclutely defined, this avea, as cothers, has been handled in a pragmatic fashion.
It is impossible to separate the evolufion of the processing equipment from the fundamental mechanism, {or i has been through the evolution of

this equipment that the high speed and uniformitics of processing have been obtained, The processors have evolved from very small laboratory
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breadboards o more sophisticated sheet [lm aboratory processors to 2 70 mm eontinuous roll processor. The efficiency of RLD has been

markedly improved. This gencration processor brought power reguirements down and improved the overall aniformity of processing.

3.8 FIXING EQUIPMENT
Fixing is also known 2z solvent vinsing, Fixing removes the unused aclivalor and makes the processed image "permanent. "' This equipment
hag progressed from & tray with Iiting solution to 3 vontinwous solvent rinse breadboard which is capable of processing lengths of 70 nom film at

speeds up to five feet per minute.

3.8 ACCOMPLISHMENT MATRIX

Table 3-2 on page 3-0 provides a sumrmary of the film development statug and forecasted goals,

3.10 CURRENT DEVELOPMENT PROBLEMS
While the development effort to date has been extremely successiul, problems remain to be solved before 3 final usable fibn can result.
Thesge problems are:

A, Denpsity Increase Undsr Overcoat After Exposure

This problem has intermittently plagued the program. It is manifested, only after ap image forming exposure, by a gradual
inerease in density and an attendant logs of resclubion if the overcoat is lefl on. This problem becomes most severe afler appraximately an hour,
There is no problem if the overcoat is removed amd the image processed. The practical severity of the problem is cbviously a function of whether
or not the uger can rempve the overcoat lmmediately after exposure. The cause of this problem is carrently unlinown. The project personnel
hope to determine the cause and be able to resolve this problem by the end of Mayreh 1974,

B, Shelf Life

Paragraph 3.5 discussed the problems with testing the shelf life of this film, Not only have the tests been hampered by the poor quality

of the hand coatings, but shelf iife tests can be very Hime consuming. The preblem is that the ulthnate shell life capability of this film system

is not known,

g e s e . 5-8 BYE 15265-74
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TABLE 3-2

PROJECT ACCOMPLISHMENTE AND FORECASTED GOALS

Bhelf Life Resolving Useful D
Type of Coaling Speed at TP F Power Bensitivity Gamma i Type of
Date Sige (AFE) (days) {eveles/ mm) {nanometers) Range max Processing
30 June 1873 4'wB Bheets 4.5 30 >1000 at N.A. 1.4 L30 Bheets
Hand Coatings 1.6:1 to Meets itx11/8n
{maximum useful area) contrast 2.0 Specs Process
Capability
31 Jan 1974 10 % 10 mm 3.0 a0* >1000 at N.A. 1.4 .30 Shests
Continuous Laboratory 1.6:1 o Meeis 4" x &
comtrast 2.0 Spers Process
Capability
9.0 14# NLA. 1.4 .30
to Meats
2.0 Spees
Forecast by 2507 x Tlrm 2100 230 with 1000 at 400 to 1.4 £0.30 250" x T0 mm
1 July 1874 Contimuous Laboratory goul of 201 860 to Bufficient Roll
80 days eontrast 2.0 to Produce  Continueus
ULEof 1.5

NOTE: The gsterisk (*) denotes that the shelf life continues to be stable; additional samples will be taken uptil the Hlm supply 18 depleted,
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C. Spectral Sensitizgtion

There appears tobe no problem in obtaining the desired spoctral sensitization of the Free Radiedl Film. The problem is the
currently unknown effect this will have on the Red-Lite Development Process, The RLD Process currently operates with a cut on wavelength of
~ 6RO nancmeters, Pan sensttzation could have « portion (tail)y in this reglon that would make the RLD very critical and difficult to control. At
worse, it could cause spontaneous fog. It is possible, however, that with pan gensitization, the development tail” will move into the near infrared
region making the problem disappeay. Whether or not this is a problem will not be determined until this additionsl speetral sensitivity is introduced
into RLD films, I s fell that a better understaxding of the impact of spectral sensitivity should be achieved within the next few months.

D, Materials Seale-Up.

Some of the eritical areas which must receive attention in the next six months are associated with the scalewup to a pilot coating.
These would primarily be the materials scale-up from laboratory synthesis, and the purification methods to reasonable levels of guantities and
processes having significantly greater yields than are presently fouwnd in laboratory-size preparation. Large supplies of quality ingredients
could be 4 problem,
E. Bubbing
Demonstrations of performance evaluation, whether on bhand costings or laboratory continuous coatings, have been on materials
without a subbing layer, A subbing laver must be provided within the next few months in order that a total film package will be available for a

roll {ilm test, What effect o subbing layer will have on the photo-sensitive laver, and what problems this will cause, 1s unknown ab this time,

3-10 BYE 15266-74
FOPSHEEREF - 20016 HEX AGON/GAMBIT Handie via Bysman

Lt

I'E:- {j?'lf}"

c168CTG00

£16821500 ST/L0/ST0T :osesjey Joj paroiddy



£168Z 1500 ST/L0/GT0T ‘oses|py o} panolddy

Fo-SHECRET- 20016 HEX AGONA/GAMBIT

BECTION IV
FUTURE

4.1 SUMMARY
The {ellowing summarizes the projected goals for the Bpring of 1974
A, Produce 70 mm x 250" rolls of film for test and evaluation,

B, Establish the following [ilm characteristies.

Characteristic Bpecification
AFSE Bpesd Z 14,
Snelf Life [days) Minipaum required 230 days, goal of 80 days
Resolving Power {eyeles/mm) 1000 cyeles/mm at 201 contrast
Uaeful SBensitivity (nanometers) 400 to 880
Camuma Range 1. 410 2.0
D, in < 0.30

max Bufficient fo produce uselul log exposure range of 1.5

4.2 IMMEDIATE GOALS

The vurvent program plan calls for having a Pllot Production Faelllly en~line early in 1976, This would provide for reasonably significant
gquantities of Free Radical Film for extensive system testing in the Bummey of 1876, To attaln this goal, the following important steps will be
reguired,

4,2.1 Pilot Coating Facility

initial design work has begun on a pilot coater, A decision to procesd with fabrication of such a conter will be based oo the demonstrated

ability to sclve the key problems by that time, The Pilot Coating Faellity Hsell could be a problom, as going from laboratory to piloet production

4-1 BYE 15206-74
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coatings is not an easy task.

4.2,2 Film Testing

Before any film can be used in an operational syslem, extensive testing will have to be wecomplished, This testing will consist of both
photographic and physical tests. Repeatability of sensitometry with many coatings, resclving power, and MTF response all will have to be
intensively evalugted. TIn nddition, investipations on the physical characteristics and behavior of the film will have to be accomplished, The
integrity of such a film in & flight stack, as well as whether or not this film can be Intermixed with silver halide films must be studied,

Another important study thal needs to be undertalen is the nature of the dye image. There are few, H any, dve images which exhibif
either the neutrality or the permanency to varipus types and levels of radiation that a totally processed and fixed silver image can, Although the
dye fmage of these films provides the possibility of manipulating the printing contrast through use of color filtering, some attention wust be
placed on testing to determine the actual resistance of the dye image to various types of {lumination, and what the effects on the Image are of
repetitive printing for duplication purposes. It may be necessary to-add dye stabilizers to the formula. The effect of these on the photographic
properties is unknown.

4,2.3 Elmipation of the Overcoant

One of the Tonger raoge goals is to eliminate the need for the overcoat, This would involve the use of a less volatile activator, and hence,
would provide a greaster shell life, While there dre no plans to eliminate the overcoat before going to a pilot coating, an investigative study will be

undertaken within the next one to two years.

4,3 CONCLUSIONS

A, Free Radical Camers Speed technology has exhibiled many characteristics, which, even undev the laboratory development phase, appear
to ke useful for application in high resolution Imaging systers.

B, It is extremely imporiant to note that this technology is presently in the stage of trapsitioning from the laboratory to continuous coatings,

Pilot production coatings of this file are still in the future,

42 BYE 15266-74
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. There have been many accomplishments as well as many problems within the initial stages of development. These have been handled on
5 pregmatic step-by-step basis. There are still known problems to be solved and gertainly unknown problems will ocour which will {impede

progress to establishing a wsable film.
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