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SECTION I

INTRODUCT I ON

The need exis ts  for  a photograp hic f i l m  tha t  can be processed
wi thout the requiremen ts for pure wa ter, chemicals , fixed
concentrations , and disposal of processing solut ions . The
proper t ies of Dry Si lver answer this need wi th their therma l
developmen t (Figure 1). The only requirement of Dry Silver
is that a source of heat (standard temperatures below 300 F)
be presen t.1 Commercially available Dry Silver fi lm is primarily
used as a recording m at e r i a l .  Many uses ex is t  for  a more
sens i t ive  Dry Silver f i lm .

Prior to th is  cont ract  the 3M Company had done extens ive
research on fo rmula t ion  of Dry Si lver toward s u f f i c i e n t
p h o t o s e n s i t i v i t y, image q u a l i t y ,  process ing r e l i a b i l i t y ,
and s impl i c i ty  for  use in commercial  app l i c a t i ons .  The 3M
Company was also comple t ing a one year contrac t , Camera Speed
Dry Silver Film Aerial Exposure Index = ~•2 • The AEI-5 con-
tract was designed to test a Dry Silver state-of-the-art
film in a specific system by the Air Force. The A FI-5 contract
placed 3M camera speed Dry Silver film wi thin the lower l imit s
of recording film. The AE I= 20 contract was designed to provide
added work on increasing the sensi tivity of camera speed Dry
Silver film.

In the labor atory , films of AEI 1.6-12.0 were prepared.
Al though  these f i l m s  were not sensitive enough to meet contract
goals , they did meet contract  goals  in the areas of spectral
s e n s i t i v i t y ,  gamma , image color , log exposure range , f i l m
process ing , and r e s o l u t i o n .  The emuls ion var iab les  of the
f a s t e r  l a b o r a t o r y  f i l m s  proved too c r i t i ca l  to t r a n s f e r  to
the pilot plant. The contrac t final sample represen ts a
reproducib le  f o r m u l a t i o n  at the AEI 1.6 level .

This  repor t  descr ibes  the r esu l t s  of the A E I = 2 0  cont rac t ,
which supplied a special Dry Silver film to the Air Force
for evalua tion in a tactical reconnaissance system . This
includes the obtainable sensi tivity of Dry S i lver  f i l m  in
the  l abo ra to ry  and the f i l m  capable of be ing  produced in a
pilot plant coa ting .

• I C h e m i s t r y  of Dry Si lver in Appendix 1.

2 Camera Speed Dry Silver Film Aerial Exposure Index = 5 ,
Con tract F33615-73-6- 1273 , is discussed in the con trac t ’ s
f i n a l  r epor t  A F A L - T R - 7 5 - l l .
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SECTION I I

OBJECTIVES

• The objective of the program was to provide the U.S. Air
Force with a Dry Silver film whose sensi tivity was wi thin
the sensitivity range of aerial film. The test application
of the film was to be in a tac tical reconnaiss ance sys tem.
Thus the objectives of the contract were such that the final
film wou ld be applicable to tac tical reconnaissance sys tems .
The desired cha rac te r i s t i c s  were def ined as:

1. Spectral Sensitivity : The films should have panchromatic
sens i t iv i ty  from 400 through 720 nanometers of the
elec troma gnetic spec trum.

2. Photosensitivity : The films should have an Aerial Exposure
Index of 20 as a goal . AEI is defined as 1/2 E where E
is the exposure in meter candles seconds to a 5900 - 6100
Kelv in light source required to produce a densi ty response
of 0.6 slope of the measured bar gamma.

P h o t o s e n s i t i v i t y  Rec iproc i ty  Law Fa i lu re :

The f i lms  should have the Exposure Index of 20 as a goal
at exposure times of 1/500 , 1/1000 , 1/2000 , and 1/4000
second exposure times since these represent shutter speeds
normal ly used in Tac tica l Reconnaiss ance applications .
The f i lms  should be designed to have minimum rec iproc ity
law f a i l u r e  response wi th in  th i s  exposure t ime range .

3. Bar Gamma: The films should have a contrast response
(gamma) from 1.2 to 1.6 as a goal , us ing thermal  process ing
techniques designed for easy control , repeatability,
and processing to a highly stable image form .

4 . Image Color: The f i lms should produce a v is ibly neutral
black image when therma lly processed to stable image form
and viewed on a Richard’ s Photo Inte rpre ta t ion Light Table
equipped wi•th daylight type fluorescent tube lamps.

5. Useful Log Exposure Range: The films should have a 2.0
useful Log Exposure range as a go al.

6. Image Resolu t ion: The films shou ld record at leas t 200
cy/mm of a MIL-STD- 150A high contrast (100 to 1 bri ghtne ss
range , 3 .0 densi ty difference) re solut ion tes t tar get
pa ttern , as a goal.

7. F i lm  Base: The f i l m s  s h a l l  be coa ted on op ti cal l y  c l ea r
• 3 mu thick polyester film base.

3
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Objec t ives - continued

8. Film Processin$: As a goal , the films should process to
highly stable image form in 30 seconds or less time and
at temperatures not exceeding 300F. The films should be
designed to produce the required sensitometric , image
d e f i n i t i o n , and image permanency charac te r i s t i c s, i n so fa r
as is possible , by a “to-completion ” process whereby
nearly all of the thermally releasable processing chemistry
is consumed during the thermal processing , thereby re- •

suiting in a highly stable image.

9. Latent  Image S t a b i l i t y:  As a goal , the films should retain
exposed latent images without sensitivity loss for a period
of at leas t 24 hours from the t ime of exposure until the
t ime of developmen t.

10. Image Permanency: As a design goal , the films should
have image permanency such that exposed and processed
imagery will survive a seven day exposure on the Richard ’s
Photo Interpretation Light Table surface with the fluores-
cent tube lamps operated at approximately 1000 foot lamberts.
Minimum density should not increase by more than 0.10
after this seven day light table image aging tes t .

11. Dimens ional Stability : The film should be of sufficient
dimensional stability, so that shrinkage shall be less
than 1/2 percent in either the widthwise or lengthwise
dimension of the f i l m  when exposed to a Reseau Gr ide of
known dimensions and after normal thermal image processing .

12. Useful Package Shelf Life: As a goal , the films should
have good photographic shelf life in the original unopened
package for a period of at least 12 months at s torage
tempera tures below SOP.

The final sample was to incorpora te these charac teristics such
that the Air Force could test the appli cability of Dry Silver
recording speed photosensitive film in actual Air Force photo-
graphic equ ipment.

4
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SECTION I I I

PROGRESS

The photosens it ive material which wa s prepared to meet the
con tract object ives is a nega t ive working , panchr oma tic , pho to-
sensitive Dry Silver film which is developed by heat. This
film is approxima tely f ive to 100 t imes more sens iti ve than
commerc ial 3M Dry Silver films in the commercial film ’s spectral
regions. Ye t the contrac t film employs the same basic ma terials
with  r e f i n e m e nt s .  In al l  Dry Si lver  f i l m s , the light sensitive
component is silver halide which forms the latent image. The
unique aspect of Dry Silver is the ampl if ication of the image .
The image is developed by a thermograp h ic reac tion whi ch is
cata lyzed by the latent image. It is this reaction that gives
3M Dry Silver i t s  d i s t inc t  advantage , the e l im ina t i on  of wet
or vapor proc essing .

In order to increase the sensitivity of Dry Silver , knowl edge
of both the photosensi t ive and the thermo graphic as pec t of Dry
Silver had to be advanced. It is the silver halide on which
a latent image can be formed that ac tually determ ines the light
sensi tiv ity of the material. In order to incr ease this sens i-
tivity, silver halide crystals which are more prone to photolytic
reduc t ion had to be prepared. The cho ice of halide ion (C l ,
Br , 1 )  and the associa ted ca tion have been found to be cri tic al
for  the h ighes t  s e n s i t i v i t y .  Similarly the environment in
which the light sensitive crystal is formed is important .
However , increased sensitivity must be transferable to the
thermographic reaction. To do this , the light sensit ive
material had to remain in synergistic association with the
image f orming sourc e . Mild or ganic reducing agents cap able
of promoting the therm ograp hic rea ct ion wer e found to be
mos t useful.

The increased sens it iv ity necessary for camer a speed Dry
Silver f ilm p laces stric ter requir emen ts on the ma ter ial s
that make up the Dry Silver emuls ion and the manufac ture of
camera speed Dry Silver film . Thus in the course of the
contract , a continuing effort was directed toward monitoring
and improving the materials that are used in the Dry Silver
formulation. The coa ting of the camera speed Dry Silver
film was also examined. In both materials and coating ability,
improvemen ts were made. The more exact analysis of materials
aided in the reproducib ili ty of the camera speed formula.
The increa sed c oating of the pansen sitive camera sp eed f i lm
enabled the pilot plant coating crew to familiarize them-
selves wi th coa ting in infrared li gh t in g. On ce accus tomed
to in f r a r e d  coa ting , the coating crew was able to adapt
coa t ing  and mon i to r ing  techniques  to an IR l ig ht envi ronment .
These techniques enable the coa ting crew to obs erve and
correc t any coa t ing defec ts while coa ting.

5
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Progress-- continued

The requirement for dye sensitization in Dry Silver material
is that in addition to sensitizing the silver halide grain ,
the  dye must bleach during the development reaction . The
3M Company has extensive background knowledge in this area.
The increased sensitivity and broad spectral sensitivity of
the contract goal required further refinements in 3M Dry Silver
dye technology .

Examples of the refinements in dye sensitizing are shown in
Fi gure 2. The main objective in the area of dye sensitization
was to el imina te any spec tral insensitivi ties such as occurred
in the previous camera speed Dry Silver film contract final
sample at 600nm . The uniform spectral sensitivity from 400
to 700nm did not cause overall sensitivity to decrease and
remained at the 2-3 ergs/cm2 exposure level to produce a 1.0
densi ty.

The A E I - 5  contract  m a t e r i a l  had been used successfu l ly  in a
test f l i ght of a tactical reconnaissance system . However ,
areas of heavy exposure tended to flare severely. To inves-
tiga te me thods of reducing f la re  accu tance and antihala tion
sys tems were studied.  The f la re  is produced in three areas
of the film; scattered light in the emulsion , r e f l ec ted l igh t
at the emulsion-base interface and the base-air interface
(Figure 3). Four me thods of reducing sca ttered or re f lec ted
ligh t were used; an acutance dye in the emulsion layer to
absorb scattered light in the emulsion , an antihalation under-
layer (AHU) at the emulsion-base interface to absorb reflected
li ght , ar. antihalation backside coating (AHB) at the air-base
in terface to absorb ref lec ted ligh t, and a dye base to absorb
light. The acutance ~nd antihalation systems improved resolution .Wi th the acu tance systems , sensitivity is reduced . The nature
of this contract was to improve the sensitivity of Dry Silver.
Therefore , the acu tance and an tihala tion sys tems were shown
to be feasible. With further work , these could be incorporated
into a camera speed Dry Silver system . Commercial products
have used these systems successfully.

During the course of the contract hundreds of emulsions were
made to examine the effects of different independent variables.
I t is known tha t the physica l  and chemic al environmen t during
halidiza tion have direct effect on sensitivity. By chang ing
cer tain var iab les , a 1.4X increase in speed was observed (Figure
4 ) .  Since AEI by defini tion is a function of gamma and toe
shape , the sensi t ivi ty of a f i l m  can be increased by ex tending
the toe of the film. Manipulation of the toe shape , however ,
is not an appropriate way to achieve contract goals. With a
given film , over-processing tends to extend the toe , as can

- 

- 

be seen la ter in a discussion of gamma . A disadvan tage of
- 

- 

this method is that Dmin and Dmax are sacrificed. Another ,
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Progress - continued

more direct method is to change the chemis try of the film.
- • Figure 5 shows a fas ter film , which was achieved by improving

the thermographic sensitivity of the most light sensitive grains
in the emulsion . In this case , gamma was changed significantly.

By properly formulating the D-ry Silver emulsion , camera speed
films of AEI 1.6-12.0 were obtained in the laboratory . These
films are not sufficiently sensitive to mee t contrac t goals.
These films, which are negative working , panchromatic , and
photosensitive are unique in that the latent image is amplified
by the s imple applicat ion of heat to give a usable photographic
image with desired properties.
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FIGURE 3 - Acutance and Anti halation Systems Used to Reduce
Flare in Camera Speed Dry Silver Film
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SECTION IV

RESULTS

The discuss ion of the contract ’s results will be divided
into areas of labora tory resu lts and the f ina l contra ct
sample. This division allows a discussion of the sensi-
tivity achieved at a laboratory scale besides the level
of s e n s i t i v i t y  tha t  can be produced at a larger scale
with a pilot plant coating .

All sensitometric exposures , unless specifically notated ,
were made using an EK1O1 sensitometer having a 0-4 neutral
density carbon wedge , modified to include a series 335
ATC-Shawnee digital timer for shutter control. A Corning
5900 f i l t e r  was placed in the light path to simulate day-
light . Output of this system was measured at the film
plane using a United Detector Technology 21A power meter
equipped with a NO 242 radiometric sensor. Development
of samples was by mechanical immersion in a 3M FC-43 fluoro-
chemi ca l ba th (FCB) , continuous thermal processor with a 3M Model
259 , or development in a 3M Model 199 sheet processor.

Laboratory

With the added sensitivity necessary for AEI-20 Dry Silver
material , the interactions between the formula parameters
bec ome mor e important . Therefore , certain laboratory f or-
mulations with either critical chemical ratios , temperatures ,
agitation , or equipment were not suitable to produce film
in the pilot plant coater at this time . Additional testing
and equipment fabrication are being done to obtain sensitivity
by the previously mentioned methods . Examples of sensitivity
obtainable at a laboratory scale are shown in Figures 6 and 7.
These films were very sensitive to their chemical ratios and
the method of formula preparation.

Fina l Contract Sample

The final sample for the Camera Speed Dry Silver Film AE I-20
contract represented the state-of-the-art of pilot plant
coating. Th is f ilm repre sents a reproducible formulation
that is of camera speed sensitivity~ at the P.E1 l.6 level.

Spectral Sensitivity

The film is sensitive through 700 nanometers. The absolute
spectral response is shown in Figure 8. This data was generated
with a series of blocked narrow band pass filters obtained
from Op tics Techn olo gy , Inc. Sensitometric output was measured
at the film plane. Development was 30 seconds in a fluoro-
chemical bath. The energy necessary to generate a density
of 0.3 above fog and a gross density of 1.0 at the various
wavelengths is given in Table 1. This data was determined
at a point of no reciprocity law failure. As seen in Table
1 or Figure 8, the film me t the goal of a panchroma ti c f ilm.

12
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Results - cont inued

Photosensi t iv ity

The measuremen t of sens i t iv i ty  for  the cont rac t  was the Aer ia l
Exposure Index , AEI , of the film. AEI is defined as l/ 2E
where E is the exposure in metercandle seconds to a 5900-6100
Ke lvin light source required to produce a dens ity respons e
of 0.6 slope of the measured gamma. The goal of the contract
was an AEI of 20. Sensi tivity was al so measured in terms
of Aerial Film Speed AFS . AFS is defined as 3/2E where E is
the exposure in meter candle seconds to a 5900 to 6100 Kelvin
li ght source at a density response at 0.30 above base fog.

As determined at 3M, the f i l m , when ini tially coa ted , had an AEI
of 1.6 and an AFS of 3.4 with 30 second development in a fluoro-
chem ical bath. An optimum characteristic curve for a daylight
source is shown in Figure 9. An op t imum charac ter is tic curve
for a tungs ten l ight source is shown in F igure  10.

The sens it ivity is dependen t on exposur e t ime as shown in
Figure 11 re ciproc ity curves . Measurements for this involved
a series of exposures from 99.99 seconds to l0~~ seconds with
a known output . Measuremen ts at times gre ater than 0.20
seconds were done on an EKlOl sensitometer. Measurements
done at times less than 0 . 2 0  seconds were done on an EG~ G
Mark V I I .  Exposure  t imes for  the EG~ G Mark V I I  were de termined
by osc i l loscope  ca l i b r a t i on . Optimum exposure t ime was found
to be ~~~~ seconds (Figure  9 ) .

Gamm a

The gamma of Dry Si lver  f i lm  is e s sen t i a l l y  fo rmula  dependent .
There exis ts a .,mall range in variation of gamma with varying
development . However , o ther  c h a r a c t e r i s t i c s  of the  f i l m
ar e als o changed such as Dmin , Dmax , and general shape of
the charac teristic curve . The gamma , con tras t res pon se of
the  f i l m , is from 1.2 to 2.1 and the bar gamma is from 1.1
to 1.9 as shown in Figure 12. This is within the contract
goals of a gamma of 1.2 to 1.6.

Image Color

The image produced upon development  is a n e u t r a l  b l ack  image
both on reflectance and transmittance.

Usefu l Log Exposure  Range

The useful log exposure range was determined with a 100 mcs
exposure  s i m i l a r  to F i g u r e  9. W i t h  t h i s  exposure  the u s e f u l
log exposure  range is 2 . 6  log E u n i t s .  However , as shown
in F igure  13 , the  t rue  Dmax of the  f i l m  is 4 . 2 0  and , t h e r e f o r e ,
the log exposure  range is greater than 2.6 log F. u n i t s .

13
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Resu l t s  - cont inued

Image Resolu t ion

All r e so lu t ion  was measured by contact  imag ing of a MIL-S TD-
l5OA test target pattern ; high contrast (>2.0 density difference) ,
medium con t ras t  ( 0 . 8  dens i ty  d i f f e r e nc e ) , and low cont ras t
( 0 . 2 2  dens i ty  d i f f e r e n c e . )  Maximum r e s o l u t i o n  found was :

203 cycles/mm h igh  con t ras t
128 cycles/mm medium contrast

32 cycles/mm low con t ras t

Resolut ion versus exposure figures , Figures 14 , 15 , and 16
for h igh , medium , and low con t ras t  r e s p e c t i v e l y,  show the
exposure ranges for  optimum reso lu t ion . Reso lu t ion  meets
the goal of 200 cyc les/mm hig h con t r a s t .

F i lm Base and Coat ing  Thickness

The f i lm  is coated on clear  po lyes te r  f i l m  base nomina l l y
3 mu thickness. The photosensitive coating thickness is
1 mil. There is no backside coating . Thus the film thickness
is a nominal  4 m i l .

F i lm P rocess ing

The film is processed by heat. The mode of heating is un-
impor tant. However , optimal development time and temperature
w i l l  depend on the equipment  used .  The goal  of the con t rac t
was thermal  development to a s tab le  image fo rm in 30 seconds
or less t ime at t empera tu res  not exceeding 300F.  The f i l m
was t es ted  in a 3M FC-43 flourochemical bath , a 3M Model 259
roll film processor , and a 3M Model 199 sheet processor.

Development  t empera tures  for  the f l uo rochemica l  ba th  were chosen
to encompass  a use range . The tes t  t empe ra tu r e s  were  250F ,
2 60F , and 2 7 0 F .  Development  se r ies  fo r  250F , 260F , and 270F
are  given in F igures  17 , 18 , and 19 r e s p e c t i v e l y .

Opt imum curves us ing  Dmin and speed as the  c r i t e r i a  for  these
th ree  t e m p e r a t u r e s  are g iven  in F igu re  20 .  The f l u o r o c h e m i c a l
ba th  t empera tu re  for  the  o the r  t e s t s  of t h i s  report  was 260F .
The choice  was made s o l e l y  for  convenience  s ince  t h i s  t e m p e r a tu r e
is common to o ther  Dry S i lver  f i l m  p r o d u c t s .  From F i g u r e  20
it can be seen that increasing development temperature can
reduce processing time .

14 
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Results - continued

The 3M Model 199 sheet processor can also be used to develop
the f i l m .  The na ture  of this proce ssor is such that longer
development t imes are required . A deve lopment serie s was
genera ted for 250F, Figure 21 , and 260F , Figure 22 . Op t imum
development t ime or temperature is dependent on the sen si-
tometric parameters desired.

Roll film was processed on the 3M Model 259 roll processor.
The opt imum condit ions for development we re higher temperatures
with shorter dwell times . Figures 23 through 27 show
development series for temperature settings of 26SF , 270F,
27 S F , 280F, and 290 F respec t ively. A rec ommended se tt ing
for  optimum development is 290 F at a development t ime of
15 fee t/minu te . A comparison of cha rac t e r i s t i c  curves in
Table 2 and shown in Figure  28 , which is the optimum dev elop-
men t t imes f or f iv e temper atur es , demonstrates the optimum
condition of 290 F. The development latitude on a Model 259
processor is shown in Figure 29 .

The goal for film process ing was 30 seconds. Th is time
is eas i ly  met since a dwell time for 15 f e e t/ m i n u t e  develop-
ment is only ten seconds on the Model 259. The other methods
of dev elop ing individual s amples requires t imes grea ter than
30 seconds. However , since this material is a roll material ,
the  impor tant  development condi t ions  are roll  development
condit ions wh ich are we ll w ithin the goals of the contrac t .

Latent  Image S tab ili ~y~
To de termine  la tent  image of the f i lm , sam ples were ex posed
and stored in black envelopes at 70F and 50% r e l a t i v e  h u m i d i t y .
Samples were developed at prede termined  times over a 24
hour period at the same development conditions . A sensitivity
loss of 0 .3  log E un i t s  occurred in four hour s. The loss
over 24 hours is shown in Figure 3 0 .  The l a t en t  image decay
was decreased wi th  a decrease in tempera ture .

Image Permanency

Exposed and processed film was subjected to two light inten-
sities; room light and Richard ’ s Photointerpretation Light
Table. Room light conditions were 100 footcandles and 72F
with normal room humidity.  The Richard’ s Lig h t Tabl e was
operated at the maximum output which was 1400 footcandles
and lOOP on the surfac e of the table . Figures 31 and 32
show the increase  of d e n s i t y  when exposed to l i gh t .  As
shown in the f i g u r e s , there is an incr eas e in Dm in of the
film , however , there is no degr ada tion of the image. The
image color rema ins a neutra l black while the unimaged reg ions
progres s to a brown wi th a density incre ase of 0 .4 0 when sub-
jec ted to the Richard ’s Light Table for one hour. The sample
has no Dmin increase when sub jected to the same heat conditions
without light .

15

- - 5 -  - — -~~~~~~~ —— - - —
~~~~



5- — 5,,-.. ~~~~~~~~~~~~~~~~ —--- -- — 
- _____- -

“5

Results - continued

Useful Package Shelf Life

Shelf l i f e  was tested at three comb inat ions of temper ature
and humidity. The three condi t ions are defined as 70F/ 50%
RH , 80F/ 80% RH , and l 2 O F / 5 O %  RH. All  samples were stored
in black envelopes which allowed the f i l m  to equi l ibrate
to the test  condi t ion . The resul ts are shown in Figures
33 , 34 , and 35 for 7 0 F / 5 0 %  RH , 80F / 80% RH , and l 2 O F / 5 0 %  RH
resp ectively. As shown in thes e f igures , a speed loss is
evident .  This  speed loss is d i rec t ly  re la ted  to the temper-
a tu re .  When the f i l m  is stored at 14F (-b C) or below , the
shelf life is indefinite at the present state of the testing .

16
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TABLE 1

ABSOLUTE SPECTRAL RESPONSE OF THE FINAL CONTRACT SAMPLE

Energy Required for the Indicated Density

0.3 Above Fog 1.0 Gross Density
Wavelen gth ( run) (er~s/ cm2) (ergs /cm2)

400 0.9 1.5

420 1.5 2.6

440 2.0 3.2

460 1.8 2.9

480 1.4 2.3

500 1.0 1.6

520 0.7 1.2

540 0.7 1.3

560 - 0.9 1.2

580 1.1 1.9

600 1.4 2.5

620 1.3 2.1

640 1.1 1.9

660 1.1 1.6

680 1.2 2.0

700 2.6 4.3

750 27.5 45.7
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TABLE 2

DEVELOPMENT CHARACTERISTICS OF THE FINAL SAMPLE WITH A ~M MOOEL 2~Q PflLL PR~CESSOP

Development Development
Temperature Rate 0mm Omax Gamma A E I AFS

265°F 2.5 ft/mm 0.47 2.54 1.06 2.4 2.8

265°F 5.0 ft/mm 0.31 3.0 1.34 1.4 2.9

270°F 2.5 ft/mm 0.54 2.44 0.98 1.4 2.4

270°F 5.0 ft/mm 0.33 2.88 1.30 1.6 3.3

270°F 7.5 ft/mm 0.30 3.13 1.54 1.3 2.8

275°F 5.0 ft/mm 0.37 2.63 1.18 1.7 3.2

275°F 7.5 ft/mm 0.31 2.92 1.33 1.4 2.9

275°F 10.0 ft/mm 0.30 3.16 1.52 1.2 2.6

280°F 7.5 ft/mm 0.34 2.75 1.28 1.6 3.3

280~F 10.0 ft/mm 0.32 3.04 1.42 1.4 2.9

280°F 12.5 ft/mm 0.29 3.18 1.55 1.2 2.6

290°F 12.5 ft/mm 0.31 2.77 1.33 1.5 3.1

290°F 15.0 ft/mm 0.30 2.97 1.45 1.4 2.9

290°F 17 .5 ft/mmn 0.29 3.00 1.55 1.2 2.5

290°F 20.0 ft/mm 0.28 3.16 1.20 1.1 2.5
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DISCUSSION

The o b j e c t i v e s  of this contrac t were designed to increase the
s e n s i t i v i t y  of camera speed Dry Si lver  f i l m .  P r io r  to t h i s
con trac t , film had been supplied to the Air Force which plac ed
3M Dry S i lver  f i l m  w i t h i n  the  lower s e n s i t i v i t y  range of ae r ia l
f i l m .  The con t rac t  was success fu l  in producing sensi t ivit ies
in the range of AEI 1.6 - 12 .0  in the lab .  The adap t a t i on  of the
procedures to obtain this sensi tivity will require more effor t
in a laboratory and pilot plant s ituat ion . The final sample
represents a level attainable consis tently in the pilot plant.
A tabulation of the results is given in Table 3.

Al though the final sample was not sensi t ive enough to mee t
con trac t goals , the contrac t was successfu l in s tudying other
aspec ts of dry silver film. Resolu t ion was improved in film
formula t ions by acutance and ant ihalat ion sys tems. Shelf life
was also studied and the knowledg e from our commercial produc ts
shelf life was applied to this research program . The other
aspec ts of the film which had not been con trolled before are
now being studied; latent image , recipro ci ty ,  l i ght stability,
and shelf life.

In previous con tracts , the camera speed Dry Silver formulations
had used the conventional formulating techniques of commercial
Dry Silve r films wi th only small increases in sensi t ivity be ing
achieved . The longer term of this contrac t allowed new techniques
in formula t ion , coa t ing , and equipmen t to be cons idered for
camera speed Dry Silver. This study allowed new areas of know-
ledge to be applied to camera speed Dry Silver.

Future work will be devo ted to increasing the lab sensi t ivity
while also transferring the current laboratory sens it ivity to
a pilo t plant coater. A further sensitivity increase might be
poss ible over the con trac t final sample if we successfully
transfer our curren t knowledge to the pilot coa ter. The
knowledge from this work can be applied to other less sensitive
Dry Silve r in the areas of acutance , sta b i l i ty , dye sensi t iv ity ,
e tc .

4
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3M’S DRY SILVER TECHNOLOG Y

David A. Morgan
3M Company

St. Paul , Minne sota

I am inde ed ple ased to have this opportunity to address the
Photo Scien t is ts of Japan. * We in the United States are aware
of the Japanese tradit ion and respec t for change and progress .
I hope this paper will help sat isf y your des ire to know more
about 3M’ s Dry Silver proce ss and s t imulate your interes t in
this technology.

Pho to sc ientist s have wor k ed for years try ing to dev elop a
s imp le , dry  photographic process. In most cases efforts were
made to genera te wa ter in situ to sa t isf y the essen t ial need
for mo is ture during proces s ing . Commerciall y ,  the mo st success-
ful appro aches have been diffusion transfer techniques and
various visc ous processing me thods . We did not attemp t to use
these app roaches as we began our rese arch to develop a dry
photographic pro cess.  Ins tead we s tar ted w ith a thermal ly
induced reac t ion that wou ld produce s i lver images and added a
method of li ght ac t iva tion or s t imulat ion. In o ther words we
star ted wi th a dry process and made it light sensi t ive .

A brief list of the essential elements that make up a Dry Silver
media are:  1 .) a silver ha l ide latent imaging forming ma terial
in cataly tic proximi ty to a ligh t stable , hea t reduc ible silver
compound , 2 .) s table chemic als that will reduc e silver compounds
during heating . All of these materials must be white or color-
le ss and mus t remain s table at room tempera ture for long periods
of t ime .

Today I would like to expla in how the process func tions and g ive
you a better understanding of the various constructions and corn ’-
posi t ions . The process as we can define it is ca taly t ic. Light
energy is used to produce the ca talys t and hea t energy is used
to p roduce the silver image. It ’ s wor thy to note that the
c ata l ys t is no t consumed or changed in any manner in the chemical
reac tion between the reducing agents and the silver salts contained
in the coating.

When a Dry S i lver medi a is uniformly hea ted over its ent ire sur-
f ace , the chemical reac t ion occurs at a tremendously acc e lera ted
ra te in the li ght struck areas.  This , of course , is analagous
to normal pho tograp hy.

*pap er presented at the 1973 SPSE International Tokyo Symposium
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The deve loping  ra te  is no rma l ly  between 3 and 20 seconds and
at tempera tures be tween 250 -280F.  The following chemical reac t ion
occurs :

IMAGE DEVELOPMENT

~~~~~0 
I 

_ _ _ _ _  

~ 0 
/

R C  + R 0 H # e ~ A~° + R-C + R  = 0
~ O~AG~ <AG °> ~ OH

The rate of reaction for any g iven formul a of Dry Silver ma terial
is dep endent on the amoun t of catalyst generated through exposure
and the time and temperature used to heat the material. The
reac tion be tween the reducing agents and the silver sal t is qui te
effec t ive and it is not necess ary to remove any by-produc ts; there-
f o r e  it is no t necessary  for any vapors or par t icula te materials
to be removed from the coa ting during the hea t ing . In fac t , the
presence of the reac t ion produc ts , as wel l as the type and amoun t
of chemicals used , gives a measure of control or latitude to the
reaction. This reaction also can be controlled by the type and
quantity of chem icals used to produce images at varying gradien ts.
In other words w e can contro l contra st , g ray  scal e , or gamma
through chemical selection. An example of the normal contrast
of Dry Si lver films is shown on this nex t s lide .

T Y P I C A L  D R Y  S I L V E R  F I L M
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I will now discuss briefly the latent image forming reaction.
I will not , however , go into theore t ical de tail because I
believe theories of latent image formation in silver halide
crys tals have been discussed thoroughly in the li tera ture by
exper ts. The ma terial that forms the light sensi t ive par t of
our media is silver halide , and we believe this silver hal ide
to respond to light in much the same manner in our sys tem as
i t  does in wet s i l ver  h a l i d e  s y s t e m s .

LATENT IMAGE FORMATION

2 [AGX I + H-~~ 

-
~~ 2 <AG °> + X2

We have made Dry Silve r ma te rials using chloride , bromide , or
iodide and they have the spec tral response you would expec t.
Mos t commercial Dry Silver products have the latent image
forming capability in the form of silver bromide . The more
sensi tive materials use both silver bromide and silver iodide.
The necessi ty for cataly t ic proximi ty of the latent image to
the silver source from which the silver image is genera ted is
a vi tal fac tor in mak ing the sys tem work . One way to achiev e
this is by using a singl e silver compound as the pr ogenitor
for bo th the silver halide and the silver me tal image. We
have developed a techni que for doing this by forming the silver
halide in situ from silver compounds . Silver behenate is one
of our pr eferred silver sal ts. We caus e the in s itu si lver
halid e formation by reacting the silver behenate with bromide
and iodide ions. We control this reaction by carefully moni-
toring the concentrations of ions , tempera ture  and con tac t t ime .
The impor tance and s ignificance of the in si tu forma t ion is
evidenced by the performance of the ma terial as those of you
who have experimented with this system can verify . The source of
halide ions can be from any prac t ica l source and is p ract ically
unl imi ted . The halide source may b e or ga n i c  or inor gan ic and
the associated cation often has significant desirable or
undesirab le e f fec ts such as fog or ant ifo gg ing . The in si tu
form at ion of the silver halide can be achieved by sever al
te c h n i ques , each having advantages and disadvant ages. During
our exp er imen t ing we have reac ted si lver sourc es with halide
ions in a variety of ways including slurried and dispersed ,
powd ered and silver compounds that had been coated on a base
of paper or film. All of these techniques are workable.

HAL. ID IZAT I ON

_ _ _ _ _  

iO
R - C  + H)( > + R - C  + AGX

O A G  OH
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Nomina lly we convert 50 to 10 percent of the silver to silver
halide , but the percentage may vary  cons ide rab ly  from the  norm .
Some products  have less than one percent  conver ted  and some
more than 10 percent . The low end is l i m i t e d  b y lack  of
sensi tivi ty and the hi gh end by poor s tability and image
d e n s i t y .  This  s i lver  ha l ide  in c a t a l y t i c  p r o x i m i t y  to a
silver salt when exposed to light will form a latent image
we believe to be similar to other silver halide latent images.
It  can be dye s ens i t i zed  to spec i f i c  pa r t s  of the v i sua l
spectrum or i t  can be made p a n c h r om a t i c .  In most  respec ts ,
i t  has characteristics similar to a normal silver halide
latent image . This nex t slide shows the response of a dye
sensitized Dry Silver paper.

Tjpical DIS Paper
Spectral Response

3.0 - _____ _____________ ______

1.~~ 6RnSS E~~~ TY

1:_ _  _

1.0 ______ ______ ______ ______

400 500 600 700 800
WAVELENGTH (NM)

The r eci p r o c i t y  law conformance  of Dry Silver materials can be
illustrated as follows:

3M DRY SILVER FILM

RECIPROCITY

3 .
tO 2Sei I Sec IO 2 Sec I O 4Sec

LOG I
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The eff iciency of the latent image is dependen t on how wel l  it
can be amplified. The sensitivity of a Dry Silver media also

- depends on how well the latent image can be amplified. The
amoun t of silver halide used and the energy needed for a given
dens ity indicates a surpris ing eff ic iency. For ins tance , a
typical film would contain a to tal silver content of 100 mg/sq .
ft. of which 10 mg is silver halide . This film can be imaged 

,to a Dmax of 2.0 with an exposure of approximately 100 ergs/cm’— .
One rewa rding approach to improving the sensitivity of our —
material has been to improve the eff iciency of the latent image .
For example , we ’ve achiev ed a 1000-fold sensitivity increase
wi thout changing the latent image forming mechanism . Th is
improvem ent in sens it ivity came from a mor e efficient utiliza-
t ion of the la ten t image and was ac complished mainly by keeping
fo g levels down during amplif ica tion or proc essing . One way
to do this is to cho ose a developer w ith much less tendency to
cause fog , such as the hindered phenols  in con junc tion w i th
various ant ifoggants .

The future sensi t iv ity of Dry Silver will be determined by two
factors ; the control and formation of the silver halide latent
image form ing ma terials and the ampl ifica t ion of that latent
image. Be cause the light sens it ive silver is not used as a
source for the silver image , the classical  relat ionships and
approaches do not neces sarily app ly.

As I had ment ioned , the si lver  sal t most commonly used is s i l ve r
behena te but there are many o ther sal ts tha t can be used as well.
The fundamen tal requirements are that the silver sa lt be s table
to lig ht and that it can be chemically reduced by heating, and
must be economic al and coatable . Silver sal ts of long cha in
ac ids mee t these requir ements wel l but other silver salts can
b e used :  phthala te , phthalazinone , benzoa te , benzotriazole , etc.
These silver salts must also be stable for long periods of time
in the presence  o f reducing agen ts for  adequ ate sh el f l i fe a t
norm al temper atures.

There is also a need for adequa te resins for disp ersing and
coa t ing the Dry Silver ma terials . For tunately there  are many
such resins commercially availab le. Preferred res ins are viny l s
and ace ta tes. Examples of these are Eas tman Kodak ’ s cellulose
acetate 398-6 and Monsantos ’ Bu tvar B-76. Up to now we have
preferred to use solvent soluble resins but this is not essential.
W e have also developed wa ter solubl e sys tems that perform wel l .

As men t ioned before , reducing agen ts are essen t ial for the
reduction of the organic silver compounds to silver metal. It
is interesting to note that the type of chemicals used are very
weak reducing agen ts. Mos t commonly we use ant iox idants that
would not under any circums tances be considered pho tograp hic
deve lopers . Examples of such compounds are hindered phen ols
manufac tured by Ca talin Chemical Company and Amer ican Cyamide ,
respectivel y.
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The nex t slide illustrates two such examples .  A l though  the
standard type developers could be used , their high level of
activity is not optimum for good stable dry processed materials
and it is difficult to keep fog levels down . However , the first
commercia l  produc ts used hydroquinone , a very powerful deve loper
as you well know .

Example 1 Example 2

cH
3 I f

’¼
r

cH
21j
’

~~~r 
CH2l(~~~? 0 ~

3

C CH3 c 3 CH3

I would now like to go into more detail in the area of processing
or developing of Dry Silver materials. As mentioned earlier , the
ac tual tempera ture of the materials determine  the development
rate , not the temper ature of the dev ice or medi a being used.
Therefore , the c o e f f i c i e n t  of heat  t r a n s f e r  is the dominant factor.
Dry S i lver  ma te r i a l s  can be developed in several  ways over a wide
range of time and temperature to reproduce exactly the same response.
It matters very little if conductive or convective processing tech-
niques are used. Examples of existing methods include a heated
mandr el , convection oven or heated air. The results are essentially
identical. The indicated time and temperature will not be the same
due to difference in the heat transfer rate. This v: sual illustrates
my po in t .

HEATED MANDREL

Ft~n~ ,

Heating Drive RoesElement

Heated Air Development

CONVECTION ____________ 
*.~ eo...

OVEN —1—
~~~~~~~~~~~~~~ r~ — -‘ — ii,- ~~:
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For any given m a t er i a l  there  ex i s t s  a wide range of dwel l  t imes
and temperatures that can be used to give the same results. For
instance , if a very short dwell time is needed , a relatively
high temperature must be used . Conversely, if low temperature is
applied , a relatively long dwell time must be used.

PR0CES5I Dt~ TIME VS. TEMP .

LI MI TS:

60 
2L,flI 10 3SOF

240 260 280 300

TtrP. (S F >

This type of relationshi p can be developed for each method of
development.

Because the rate of heat transfer is important , uniform contact
is most important . Even though a device may have adequate
temperature control , it must uniformly transfer this energy
to the Dry Silver media. For good sensitometric reproducibility ,
temperature should be controlled with n + l.SC although for
many applications , larger variations canThe tolerated.

And for very precise results less than ± .SC variation is
desirable. Because the interface between coating and base is
un i form and the ba se mu ch greater mass than the coating , it
matters very little as to which side is heated from a kinetic
point of view . There are limitations , however , because of physical
distortions of the coated surface of some medias if it is touched
dur ing  processing.

The image itself is , of cour se , com posed of f inely  divided particles
of silver. The particles are on the average of about ‘°°A in
diameter. Because of the size of the silver particles and their
compactness , resolution of up to 1000 cy/mm are po ss ib l e  on Dry
S i l v e r  f i l m s . A c h a r a c te r i s t i c  of a Dry Silver image that is
most  i n t e r e s t i n g  is a p h y s i c a l  change or relief image. Dry Silver
images  have an unusua l  edge e f f e c t tha t d isp lays  a chan ge in
thickness of as much as 2.5 microns. This phenomena is still
being s tudied , but it can be illus trated as fo l lows.
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UNEXPOSED EXPOSED AND DEVELOPED
DRY SILVER 

_____  

SILVER
I I

H = 10 ~1IC R0 ME TE R S

H = 1.5 MICROMETERS

Relief resolution of up to 100 cy/mm has been recorded by
measuring the change in thickness of images made by exposing
the samples from a resolution target , processing and measuring
the physical change. This relief image will diffract a laser
beam and there arc some applications utilizing this characteristic.

There are othe r physical and chemical differences in the images
and non-imaged areas. This can be illustrated in the following
slide.

0 0
II II

_  +

Silver Behenate Silver Behen ic  Acid
Melt ing Point > 1350 M e l t i n g  Point  60c

The s t a b i l i t y  of Dry S i lver  m a t e r i a l s  is , of course , a question
that must be discussed. Because it is a catal ytic process with
nothing added or removed the potential for a continued reaction ,
after development , is there , particularl y in the non-imaged or
background areas. Once a Dry Silver media is exposed to lig ht ,
the potential for the reduction of the silver salts exists if
heating should occur .

The reaction can be controlled and optimized for elevated tem-
peratures so that it is not necessarily a serious problem for
normal use products. From a fundamental point of view , how ever ,
it is one of the characteristics that we are trying to improve .
This problem is certainl y not unsolvable and various approaches
are being used. One technique involves adding chemicals which
generate oxidizing agents uopn exposure to lig ht . Th is , of
course , o f f s e t s  the reduction potential that does exist and tends
to des t roy  the  r e s idua l  l a t e n t  image . Other  approaches  are the
generation of stabilizers b y chemica l  r e a c t i o n  or phys i ca ll y
mixing preformed s tabilizers , bo th me thods be ing initiated by
hea t .
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A c h a r a c t e r i s t i c  t h a t  is e s s e n t i a l  fo r  any photograp hic p roduc t
is its shelf life . The type of chemicals we use lend themselves
to good shelf life . Because of their low reducing capability
they are not excessively prone to air oxidation. The vinyl
resins us ed are also rela t ively resi stant to humidity. Because
of the dif fer ence in reac t ion ra te be tween the exposed and non-
exposed areas , the materials , par t icularly the film , can tolera te
eleva ted tempera tures bef ore use for considerable per iods of
t ime . We have kept film samp les at llOF for over one year wi th
essentially no change in sensi tome tric charac teris t ics .

In this paper I have tried to explain a re lat ively complex pro-
cess with genera l but hopefully meaning ful explana t ions . It
would appear that products developed from this technology will
find applicat ions where cer ta in charac teris t ics are essen tial ,
these characteristics being dryness and rapid access in conjunc’-
tion with continuous tone and high resolution. We do not believe
Dry Silver technology is a replacement for wet silver halide
photography at this time . It should be applied where its present
charac teris ti cs fit . Wha t the future will being for th is still
u n c e r ta in .
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