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PREPARATION OF FISSION FOILS
FOR FISSION IONIZATION CHAMBERS
USING A PAINTING TECHNIQUE

Abstract

Fission foils for use in fission ioniza-
tion chambers were produced by painting
metal substrates with coats of fissionable
isotopes. Areal densities as large as
2.0 mg/cm2 were obtained with excellent
adhesion. This painting technique has
been successful in depositing isotopes of
uranium, plutonium, americium, and
curium on metal substrates made of

beryllium, aluminum, copper, and nickel,

We estimate the cost of this painting
technique to be approximately one-tenth
the cost of producing foils by evaporation,
electrodeposition, or sputtering tech-
niques. In addition, the painting tech-
nique is highly efficient, thereby mini-
mizing waste of the available fissionable
material., This fact is of great impor-
tance where only small amounts of rare

high purity isotopes are available,

Introduction

For typical applications, fission ioni-
zation chambers usually contain fission=~
able material in the form of a thin oxide
coating, between 0.1 and 2.0 mg/cm2 thick,
on a metal foil, This coating may be
painted, evaporated, electrodeposited, or
sputtered.1 In 1944, Jorgenson described
a spreading technique to produce thin
uranium oxide films on platinum sub-
strates.2 This technique came to be
called the Zapon spreading technique.

The Zapon spreading technique is
basically as follows: An alcohol solution
of the nitrate of the material to be depos-
ited is mixed with a dilute solution of
Zapon lacquer in acetone, alcohol, or
Zapon thinner., The resulting solution
is spread or painted on the substrate,

allowed to dry, and then ignited to re-

move organic substances and to convert
the nitrate to an oxide.3

This report is a detailed description
of our use of this technique to produce
more than 300 fission foils for use in a
variety of experimental neutron physics
studies, Reference 4 is a preliminary
report on the painting technique, The
painting technique has been used to pro-
duce fission foils of such isotopes* as

233U, 234U, 235U, 236U, 238U, 239Pu,
240Pu, 241Pu, 242Pu, 241Am, and
2

44Cm for use in making fission cross
section measurements at a 100 MeV

electron linear accelerator,

"Most of these high purity isotopes
were obtained from Oak Ridge National
Laboratory and were separated using the
Oak Ridge Calutrons.



Appendix A gives the details of making
the painting solution,

centration of fissionable material in the

painting
bility of

solvent (ethanol, methanol, acetone) and
will be further limited to a certain maxi-
mum value within the solubility range to

insure good adhesion of the isotope to the
substrate.
mended fissionable element concentra-

tions for the painting solution,
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Preparation of Foils

Appendix B describes the recom-
The maximum con- mended procedure for preparing fission
foils, Beryllium, aluminum, copper,
solution will depend on the solu- and nickel have been successfully used as

the nitrate of that element in the substrates. Certain properties of these
four elements are compared in Table 1
and Figure 1,

Beryllium substrates have the advan-
tages of a high melting point and surface
oxidation that starts at 600°C, The high

melting point permits the substrates to

Appendix A lists recom-

be baked at a very high temperature,
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Table 1. Properties of the metal substrates.
Melting

29 29 point
Substrate zZ A g/cc 107" atoms/g 107" atoms/cc (°C)
Beryllium 4 9.01 1.85 6.66 12.3 1277
Aluminum 13 26,98 2,70 2.22 5.99 660
Nickel 28 58,71 8.9 1,02 9,08 1453
Copper 29 63.54 8.96 0.944 8.46 1083

which better insures the burnoff of the
lacquer and the conversion of the nitrate
to oxide, The disadvantages are that
beryllium is a hazardous material to
handle and the metal is very brittle,
Aluminum substrates offer ease of

handling, are able to take reasonable

abuse, and have low surface oxide buildup.

The disadvantage is the low melting point
of aluminum, which limits the maximum
temperature of the bakeout to ~450°C,
Fission foils have been made using the
painting technique on 4-in.-diam alumi-
num substrates of 0.05-mil thickness,
i.e. 343 ug/cmz, with areal densities of
fissionable material up to 0.25 mg/cmz.
With thin substrates we can usually detect
both fission fragments, since the range of
a fission fragment in aluminum is

~0.5 mil, i,e. 3430 “g/cmz.

Copper and nickel substrates have the
advantage of high melting points, but they
also have rapid surface oxidation rates.,
To eliminate the surface oxidation of the
metal, the bakeout should be done in an
The

lacquer will still burn off and the nitrate

inert atmosphere such as argon,

will still turn to oxide, but the substrate
surface will not develop a thick oxide
layer,

In the painting technique it is possible
to apply multiple layers of fissionable

material to the substrate., This involves
a series of painting and baking repetitions
and can produce areal densities of up to
Re-

peated painting of the substrate also im=-

2.0 mg/cm2 of fissionable material,

proves the uniformity of the coating
thickness. With care, the variation in
uniformity of coating can be kept well
under 10%,

In certain neutron physics experiments
it becomes important to minimize the
perturbation of the incident neutron flux
that is caused by the total foil thickness
and the type of substrate used., In Table 1
the atoms/cc for the four substrate ele-
In Fig. 1 the total

cross sections as a function of incident

ments are given,

neutron energy are compared for the four
If the thickness of

the substrate is x cm, then the transmis-

substrate elements.

sion of neutrons of energy EN through
that thickness is given by

atoms
e( cc )ch(EN)

This factor should be taken into consider-
ation when choosing a substrate and sub-
strate thickness for a multiple parallel

plate fission chamber,



Fission Foils in Fission Ionization Chambers

An important use of fission foils is in tronics of this fission chamber are shown
fission ionization chambers, These fis- in Fig, 2, A PuBe sealed neutron source
sion chambers can be used to detect neu- was used to induce fissions in the 239Pu.
trons through the (n,f) reaction or Figure 3 is a typical pulse height analysis
gammas through the (v,f) reaction of the spectrum, The clear separation of fis-
fissionable material on the foils, sion fragments from alpha particle pileup

An example is the results from a shown in this pulse height spectrum is
planar 239Pu parallel plate fission ioni- clearly a desirable feature of the fission ’
zation chamber, The geometry and elec- chamber system.
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Fig. 2. Geometry and electronics setup for 239Pu fission chamber pulse height

analysis,
Conclusions
The painting technique is highly effi- of the fissionable material will be depos-
cient when compared to other methods of ited on the substrate if care is taken to
producing fission foils, Upwards of 85% minimize waste. This fact is of great
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importance where only small amounts of
rare high purity isotopes are available.
Minimal equipment is needed to make
fission foils using the painting technique,
As a result,the cost of this technique is
approximately one-tenth the cost of pro-
ducing foils by vacuum evaporation, elec-

trodeposition, or sputtering techniques,
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. Appendix A
Recommended Preparation of Painting Solution

Solution 1: Prepare a lacquer/solvent solution by mixing 2.0 ml of Glidden Foil Lac-
quer 131-C-707AX with 98,0 ml of solvent. Suggested solvents are etha-
nol, methanol, or acetone, This produces a 2 vol% lacquer stock solution,

For a breakdown of the composition of formula 131~C-707AX, see

Table A-1,
Solution 2: Dissolve the nitrate of the fissionable material to be deposited at twice the
final concentration desired in the same solvent used to make solution 1,
Refer to Table A-2 for recommended final concentrations,
Adding together equal volumes of solutions 1 and 2 will produce a 1 vol% lacquer solu-
tion containing the desired final concentration of fissionable material,.
Table A-1, Chemical breakdown of Glidden Foil Lacquer 131-C-707AX.2
Material wt%
1/2 secb RS nitrocellulose (30% isopropanol) 20.85
Flexol 13-13 (C6H4(COOI3CH27) mixed isomers) 9.01
Ethylbenzene _ 3.47
Super VM & P naphtha (Standard Oil Chevron-265) 12,85
Isopropyl alcohol (99%) 17.76
Methyl ethyl ketone 7.40
Methanol 14,40
Isopropyl acetate (95%) 7.94
Isobutyl acetate 6.32
Total 100,00
#Information provided by R. E. Minucciani, Technical Director, West-
ern Division, Glidden Durkee, Division of SCM Corporation,
bSecond in this case refers to Saybolt second.
. "Reference to a company or product name does not imply approval or recommenda-

tion of the product by the University of California or the U.S. Atomic Energy Commis-
sion to the exclusion of others that may be suitable,

-7-



Table A-2, Recommended fissionable element con-
centrations for the painting solution.

Final concentration of
fissionable material
in paint solution®

Fissionable element (mg/m1l)
Uranium <75
Plutonium <25
Americium <20
Curium <8

8These concentrations are for the metal only.
The nitrate of these metals is the actual compound
that is dissolved in the solvent.




‘ Appendix B

Recommended Procedure for Preparing Fission Foils

Step 1. Cleaning the Substrates
Good adhesion of the fissionable material requires a clean substrate sur-
face, free of grease, dirt, and fingerprints. Cleaning the substrate by
using acids or other strong chemicals is not recommended; use ethanol,

methanol, or acetone instead.

Step 2. Applying the Painting Solution
Apply the painting solution, prepared by following the steps in Appendix A,
to the substrate using soft bristle paint brushes. Apply thin layers for
the first two coatings. For thin substrates use a backing so the brush

does not damage the substrate.

Step 3. The Baking Process
After the painting solution has dried on the substrate, place the foil in an
oven and use the following heat treatment,
a, Heat slowly to a maximum temperature of 450°C, This part
should take from 15 to 30 min, We performed an experiment
to determine the amount of lacquer residue left in the coating
after each heat treatment and determined that virtually all the
lacquer burns off at 450°C maximum
b. Cool the foil to room temperature very slowly, taking 2 to
3 hr,

One of our ovens is the simple hot plate system shown in Fig, B-1.
Hot plate systems like this are easy to use in glove boxes where
high alpha activity isotopes are being deposited on the substrates.
These ovens are easy to get inside the glove box and are very

inexpensive,

Steps 2 and 3 are repeated until the desired coating thickness is reached.

Fig. B-1., Hot plate system for use in
glove box,
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