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STORAGE OF EKTACHROME INFRA-RED FILM
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SU~~fARY
— /
Experiments to establish the effects of storage less ideal than that

recommended by the manufacturer — ze ~ that it is kept in a freezer at — 18 to
—20 C, have shown that even after one year s storage at 4 C, the infra—red
layer retains sufficient sensitivity for use in emergencies.
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1 INThO~ .JCTION

Photographic film specially sensitized to record near iri fra—red radiation

(700 to 900 nm) has been used for many years in agricultural and, forest surveys
to detect disease and to monitor crop yields. It also has application for

military purposes, in aerial reconnaissance of troop disposition , etc , since

normal camouflage although effective within the visual spectral range may not

reflect in the near infra—red. It will thus appear as an anomaly among normal
vege tation , whi ch has high infra—red reflectivity due to the spectral reflec-.

tivity characteristics of active chloro~p1-~rll in the leaves. With black and

white infra,-red film the anomaly will appear as a local change in d.ensity and

will not necessarily be read ily identified.

To overcome this problem a ‘false’ colour film (eg Kodak ~~tachrome

infra—red) can be used. Oreen,red and infr a~-red radiation is recorded by
separate lt~yers in the emulsion , which aiter processing display the images
recorded in these spectral bands by blue, green arid red colours in the reversal

transparency. This means that a green camouflage paint arid dead or diseased

foliage with little or no infra~—red reflectance, will record as a blue image

among predominantly red vegetation, making identification parti cularly easy.

Several limited experiments were conducted ‘to establish the effects of

storage less ideal than that recommended by the manufacturer
1
, ie that the film

as kept at —18 to 23 C until rec~uired.

1~ 1 ~2ctachrome IR film

Kodak Fktachrome Infra—red film is available for aerial reconnaissance
cameras (Kodak Aerochronie Infra—red type 2443 ) and in film cassettes for 35 mm
still camera s . It is an integral tripack reversal colour film coated on a
0.10 mm polyetI~vlene terephihalate (Estar) base, and was desigeed for the
Kodak E4 or EA5 processing chemistry.

The three emulsion layers are chemically sensitized to their respective

spectral bands (Fig 1) but the inherent sensitivity of the silver halide to
highe r ener ~~- photons (wavelengt h <500 nr) is not attenuated , chemically or by
inter—emulsion filter layers. It will be noted in Fig 1 that the sensitivit y
of the infra—red layer at 400 rim is nearly eight times great er than at 800 run.

To prevent ultra —violet and blue radiation exposing all three layers, a sharp
cut filter , with transition wavelen gth at about 500 sin, must be uaed. Kodak

recommend the use of a Wratten 12 filter ath its t ran ~ nission characteristics
are included in Fig 1.

-~
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The infra-red sensitizing dye loses activity rapidly at moderate ‘tempera-

tures , and Kodak recommend that to obtain Optimum results the film is stored in
a freezer at —18 to —23°C until re quired. Under these conditions the film should
remain essentiall y unchanged sensitomet r ically for up to 12 months from date of
delivery . It is also stated2 that the film may be kept at temperatures not
exceeding 2°C for up to 14 days without adversely affecting results.

1.2 Storage tests

Several batche s of film were used. in experiments during July arid August
1977, to establish what changes in sensitometric characteristics may occur after
varying conditions of storage.

Film ‘A’: was fresh stock, batch number 2236—137, with expiry date

July 1978. It had been stored at —20°C since delivery by
Kodak on 20 June 1977.

Film ‘B’ : batch number 2236—133 with expiry date August 1977 had been
stored at 4°C for about one year .

Fiir~ ‘C’: batch number 2236—133 with expiry date September 1977 had been

stored in a different refrigerator from film ‘B’ at 4°C for
just under one year .

In the first experiment , one sample of each fi lm , taken from its re spective
stor age immediately before exposure , was used as a control being kept at —20°C
afte r exposure until all of the other fi lms were ready fbr processing. The
second sample was subjected to a temperature of 30°C for 2 day s before exposure ,
and the final sample was subjected to a temperature of 30°C for 2 days before
and 2 days after exposure .

For the second experi ment samples of films ~~~~ and ‘C ’ were subjecte d to a
temperature of 30°C for 4, 8 and 14 days be fore exposures: again one sample of
each was kept at a. control , and after exposure all of the films were kept at
—20°C until they were sent for processing.

In both tests, a standard scene wan photographed at various exposure levels
so that qualitative assessment could be made of any- changes resulting from the
var ious storage conditions. The scene contained objects of spectral ly pure green
and red colouring , and a he alt)~’ geraniwn plant as an infrs -red re flecting
subject. A sensi’toinetr ic wedge was exposed on each film , with a sensitometer
conformi ng to B3z1380:1974. A Wratten 12 filter was adde d to the optical path

-4of the eensito,ne’t er , and to the camera lens, to absorb radiation below 500 sin .
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The films we re processed in a Kodak Versamat Processor , arid the densities

of the sengitomelr ic  ~scd ges were measured wi th  a MacBeth ~uantalog TD 102 tram —

-~‘i ss~on densitome ter. The green , red arid infra—red sensitive layers of the film

produce positive comp~ ementary im ages of j ’~~iow , magenta and cyazi dyes respec-

tively, ~flr~ the cpt ic~.1 densities were measure-I thro~igh blue , green and red
filters (~ratten 94, ~~~ and 92). In the graphs (~‘ig~: 2 and 3) the emulsion
i~~rers are referred to by the coio’~r of the analysing filter in the densitometer.

The speed of each emii sion layer was determined by the method describe~i in
B~3:138O:Part 2:1974, arid the speed criteria plotted as a function of time stoxed
at 30°C. The equivalent arithmetr ic speed can be obtained from the BS fo~~ ula:—

constantspeed = 
Ein

where the constant 10 , arid E ~s the speed criterion expressed in lux
seconds.

The results of tL~ fir st axperiment (Fig i) with all three films indicate
that a slight loss of speed or- ~ ’irr ~ d in the infr a—red sensitive layer when the
films were kept for 2 days at ~0°C be fo re exposure , but that ftrthe r storage for
2 days at 30°C after exposure caused no sign i fi can t changes. The control wedge
for film ‘B’ was un fortunat ’~iy slightly fo gged , and the points plotted for the

~ day condition are of doubt fu l accuracy. It is thought that they should be
similar to the values obtain ’d with  film ‘C’ for the san s condition. The graphs

show an apparent increase in the speed of the green sensitive layer (labelled B)
of fil m s ‘B’ and ‘C’ relative to fi lm ‘A ’ . It is probable that this merely
reflects the batch to batch var ia t ion  of the manu facturing process , aM since

the dye used to sensitize the green layer is least affected by storage conditions
it provides a use fu l re ference for c~val u~ ting the speeds uf the othe r layers.
The manufacturer endeavours to maintain consistency in overall film speed for
successive batches , bi~ the fir3t priority is to match the speeds of the three

emulsions so that the colour ‘r,~darir~ Is within tolerance. If one assumes that

film ‘A’ , be ing fre sh stock , is typical of the relative speeds of the three
layers , the n for fil m ‘C’ the i nf r ~ —red l ayer (R) has lost nearly 0.1 log E
units in speed for the control wedge , and 0.15 log E units after 2 days storage
at 30°C. In Fig 3 the results of f i lms ‘B’ and ‘C’ have been norm al i zed to the

‘B’ (blue) speed of fi lm ‘A’.

The results of the second experiment are shown in Fig 4: the disparity in

relative speeds of the three emulsion layers between the two experiments Is

— ‘  - — —  —
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almost certainly due to processing variations. Before the films from the second

experiment we re processed , the developing machine was given routine servicing

and new processing solutions were prepared. This serves to demonstrate the

importance of consistent processing if variations in effective emulsion speed

are to be avoided. Storage for 14 days at 30°C particularly affected the infra-

red sensitive layer of both films ‘A’ arid ‘C’ , with a speed. loss of 0.1 log B

units (one third of a stop ) for ‘A’ , and 0.13 log B units (nearly half a stop )
for ‘C’. If the results for ~~ are normalized to the green sensitive layer
speed of ‘A’ (see Pig 5) the infra—red sensitive layer of film ‘C’ has lo st

0.23 log B units (over two thirds of a stop) compared to its speed when new.

The transparencies of the standard reflected the sensitometr ic re~ulta —

the red. image being slightly under exposed relative to the green and blue images,
in fi lms ‘B’ and ‘C’ and in those films which had been stored for 14 days at

30°C. In all cases, analysis was perfectly feasible , and it was only uomparison

with results on fresh stock that revealed how the infra-red sensitivity had
deteriorated.

2 CONCLUSIONS

Limited tests with Ektachrome IR film have shown that for optimum
0performance it should be stored at about —20 C until required , and it should be

used be fore its expiry date . However, film kept at 4°C for up to one year may
retain sufficient sensitivity in the infra—red sensitive layer for qualitative
investigations of infra—re d re flectance and could be used in eme rgencies, but

it is suggested that the exposure should be increaned by a half atop to
compensate for loss of speed.

Considerable variations In results may occur with different emulsion
batches and with fault y processing chemistry or techniques , and it is recommended
that film from the sane batch is used. throughout any experiment , and that
control wedges are processed with each fi lm to monitor processin g chemist ry.

RZ~ThEJCES

No Autho r Title , etc

1 Eastman Kodak Co Kod ak ~~tachrome Infr a—red film leaflet

number KP6 2870d , 1—76
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