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Abstract:

We describe procedures for making thick pellicles of Kodak NTB-3

nuclear emulsion. The technique has successfully been applied for

the production of a 15 l i te r emulsion target, consisting of 600 urn

thick pellicles. Melting and pouring of the gel is disiussed as

well as the conditions during the drying and processing.
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1. Introduction

The experiment E-553 at Fermi lab was a hybrid emulsion experiment with

nuclear emulsion as the target and primary detector. A new kind of self-

marking spark chambers served to pinpoint the events in the emulsion and

a magnet spectrometer and a calorimeter were used for momentum measurements

and particle identification. The aim of the experiment was to study the

decay of short-lived particles produced in the emulsion by neutrinos. The

prime interest was devoted to charmed particles which according to
2)theoretical calculations ' were believed to have lifetimes of the order

-1310 seconds. This corresponds to a decay length of 10-100 vim which

motivated the choice of nuclear emulsion as detector.

15 liter of Kodak NTB-3 nuclear emulsion was used in the target in the

form of about 15 000 pellicles 000 urn thick and of the size 2 * 8.5 cm .

One reason for the choice of NTB-3 was the high sensitivity, about 35

grains per 100 pm for a minimum ionizing particle. NTB-3 is not

available in pellicle form from the manufacturer. Therefore the

experimenter has to make the pellicles himself from the emulsion gel -

This consists essentially of gelatine, silver halides and water. The

water contents of commercially available gel is about 65 per cent by

weight. In order to pro'uce pellicles of nuclear emulsion, the gel

is melted and poured on a plate where it cools and gels. The emulsion

is then allowed to dry for some period and is finally stripped from

the plate and cut into pellicles of the desired size. During these

procedures we encountered some problems which will be described, as

well as how they were solved.
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2. Melting and pouring.

For the batch of NTB-3 delivered for this experiment we have determined

the shrinkage factor to 8.5 and the gel density to 1.33 g cm" . These

figures were used to calculate the quantity of gel required per pouring

plate in order to get a dried pellicle thickness of 600 urn. We found it

more convenient to measure the melted gel by weight rather than by volume.

The gel was delivered in 2 liter plastic bottles each containing 1.5 liters

of gel. To melt the gel, the bottles were imniorsed in a watherbath which

was kept at 43°C. Complete melting takes about 2 hours, but occasional

stirring can decrease this time somewhat. The melted gel was then, for

convenience, transferred into a stainless steel storage tank which was

heated in order to keep the gel at 43°C. We have not observed any negative

influence on the emulsion quality from the stainless steel for a storage

time of a few hours.

When the gel is heated a foam of small bubbles is formed. They originate

from dissolved gases in the gel. We have tried to remove the bubbles by

boiling them off at low pressure, keeping the gel at about 43°C. The

beaker containing the gel was placed in a bell-jar and the pressure was

lowered with a water suction pump. When the gel starts to boil the foam

expands tenfold in volume before the bubbles burst. This requires a

fairly large beaker for the gel. The method has been quite successful

for small quantities of emulsion, but it is too cumbersome when large

quantities have to be handled and hence another method has to be employed.

For the 15 liter stack we used a 1 liter pouring beaker which is tapped

from the bottom (Figure 1). The gel was tapped into the beaker from a
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hose at the bottom of the steel storage tank. A few minutes

after the filling of the vessel the bubbles have settled at the surface

and the fluid poured from the beaker will be free from bubbles, except

for the last few milliliters. The gel was poured in the center of the

pouring plate, except for the last drops with bubbles which were put in

a corner of the plate. It is very difficult to avoid some bubbles in the

first "spldsh", but if the gel is poured in the center, the bubbles ride

on the front of the expanding fluid out to the edge where they stick to

the dam around the pouring plate. Possible remaining bubbles can easily

be pushed to the edge of the plate before the emulsion gels. It is very

important that the temperature of the gel does not drop below 40°C when

it is poured. If the viscosity is too high it is very hard to avoid

bubbles. Following these procedures we were able to produce pellicles

virtually free from bubbles.

The pouring plate discussed in the next section should be kept at a

fairly low temperature in order to decrease the time required for the

fluid to gel. With the plates used for this experiment it takes about

10 minutes at an initial plate temperature of 10°C.

The thickness variations of the dried pellicles depend on the flatness

of the pouring plate and on how horizontal it was when the fluid gelled.

A .8 mm deviation from a horizontal surface results, due to the shrinkage

factor, in about 100 ym deviation in the thickness of the dried pellicle.

With the exception of a 1 cm edge zone the pellicles produced for this

experiment deviate from the nominal value of 600 urn by no more than about

20 urn, and the standard deviation is about 10 ym.
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3. The pouring plate.

The commonly used material to pour nuclear emulsion gel on is glass ,

but NTB-3 usually sticks so hard that it is very difficult to strip the

pellicle from the glass. If the emulsion is not completely dry it can be

done, but the subsequent drying results in severly bent pellicles. It has

been suggested to coat the glass with silicone oil, but we have not been

able to get reliable results with this method. We therefore tried to pour

on different plastic materials, acrylics (lucite, plexiglass), polyvinyle-

chloride (PVC), cellulose acetat-butyrate and polycarbonate (lexan,

makrolon). The pellicles were easily stripped from all tnese materials,

but since acrylics is cheap and easily available in sheets with high

surface finish, we have chosen this material. However, some commercial

acrylic plates are not flat enough, so this should be carefully checked.

The thickness of the plate is not very critical; we have achieved good

results with plates 0.5 - 1.0 cm thick.

One drawback with plastics is the high thermal expansion and low thermal

conductivity which causes the plate to bend when the warm fluid is poured

on the cool plate. If the emulsion gels before temperature equilibrium is

reached, which usually is the case, the pellicle will be thinner in the

center. As an example, a 40*40 cm test pellicle poured in this way was

100 urn thick at the center and 400 um at the edge. The problem was solved

by forcing the acrylic plate with screws towards a flat and cool aluminium

surface when the liquid gel is poured. When the emulsion has gelled the

acrylic sheet can be removed from the aluminium plate for subsequent drying.

In order to contain the emulsion gel on the pouring plate it is necessary

to arrange some kind of dam along the rim. Barkas describes the use of
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rods of glass or lucite to make a dam. This does not work well on an

acrylic plate whether the rods are removed before drying or they remain

in place during the drying. The reason is the poor adherence of the pellicle

to the plate which Makes the pellicles strip themselves where the drying

is fastest, usually along the edges, resulting in severly bent pellicles.

This problem can be avoided if a dam is made of fairly soft adhesive tape

attached to the rim of the plate. The tape should not be removed until the

pellicle is dry in the center. During the drying the tape will bend over

the shrinking emulsion and retard the drying of the edges. When the pellicle

is dry, the tape is removed and the pellicle is stripped from the plate.

It is important at this stage to cut away the moist edges from the pellicle.

If this is not done the drying edges will bend the pellicle. The amount of

emulsion lost at the edges depends on the thickness of the pellicle. For

a 600 pm pellicle about 5 mm of the edge has to be removed. The edges can

be melted and poured once again, but the emulsion made in this way is

useless since the plates become quite opaque after processing. A possible

explanation is that the grains at the cut edge are made developable hy

mechanical damage.

When the pellicle is stripped from a plastic sheet we have sometimes

observed a weak electrostatic discharge. This has been noticed with all the

plastic materials tested. In the developed emulsion this will result in a

weak fog or microscopic spark pattern in the bottom 1 ym. The fog usually

covers only a small fraction of the area and the light absorption caused

by the fog in the affected regions is usually >ss than a few per cent.

In most applications this should be of little importance.
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4. Drying.

Drying must take place in complete darkness. NTB-3 is considerably more

light sensitive than the comparable emulsion types manufactured by IIford.

If time is short it is possible to dry the emulsion under more forced

conditions with a high temperature and low relative humidity. This requires

a ver^ carefully controlled drying climate. It is easier and safer to

dry the emulsion at a humidity which usually is recommended for nuclear

emulsion or 50-60 per cent relative hunitidy, and to keep roo«n temperature.

2
Figure 2 shows a drying cabinet designed in Lund with a capacity of 2 m

of nuclear emulsion. The material is black plexiglass. In order to make

the cabinet light-tight there are light baffles at the air inlet and outlet.

A fan at the cutlet gives an airflow of about .5 m per minute through the

cabinet. The air passes through a filter which removes particles larger

than 1 \m. The cabinet has been used in a climate-controlled room where

the relative humidity is kept at 60% and the temperature at 22°C. Under

these conditions nuclear emulsions of 600 urn dries in about 6 days.

5. Stack production and processing.

The large sheets were cut into 2x8.5 cm' pellicles and stacked with about

130 pellicles per stack. After about 1 day of moderate pressure the

pellicles stick together to form a continuous block of emulsion. The

stacks were milled on two faces which served as a reference for the

coordinate system used to locate the events.

Before the processing the pellicles could be separated without any

difficulty. The processing was performed according to the recipe given

by Barkas . Coated glass from IIford was used for mounting the pellicles.
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Occasionally the pellicles did not stick to the glass adequately. The

problem usually occurs in the fixing bath. The affected pellicles are

further deteriorated during the washing which is caused by the swelling

of the gelatine at this stage. We have found that hardening of the

gelatine improves the results when this problem occurs. When the fixing

is completed (150 per cent of the clearing time) 10 g per liter of alum

(KA1(SO4).12 H20) is added to the fixing bath and the emulsion is left

there for one more day. This hardens the gelatine and the swelling during

the washing stage is considerably diminished.

The Kodak NTB-3 processed in this way had a sensitivity of 33 i 2 grains

per 100 \m track length of a minimum ionizing particle, which was quite

satisfactory for the experiment.
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Figure captions

Figure 1. The beaker used for pouring emulsion gel.

Fiqure 2. Cross section of the drying cabinet. There is ipace for
2

10 plates of the size 40*50 cm .
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