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ABSTRACT 

A technique was developed for adhering phosphorous-32 to a 
tantalum or aluminum metal supporting plate. An aqueous 
radioactive solution was incorporated into a proprietary ce
ment thinner (Sauereisen 14) and a measured quantity deposited 
on a metal plate. After drying and baking thoroughly, a uni
form, hard, and tenacious radioactive source was produced. 
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INTRODUCTION 

An energetic beta source of phosphorous-32 mounted on a platinum metal plate was 
needeq for one phase of a Gemini test program. The mounted radioactive material 
must meet the requirements suitable for space flight. Adherence, resistance to vi
bration and radioactivity, and stability toward changes in temperature, pressure, 
and moisture were prime considerations for the success of the experiment and the 
safety .of the astronauts themselves. A known and reproducible quantity of radiation, 
evenly distributed, was also necessary. 

This development effort was directed toward finding a suitable method to bind the 
radioactive material to the plate and to quantitate the procedure. 
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SUMMARY 

A practical technique was developed for preparing a radioactive phosphorous-32 
source mounted on a meta I support plate. Aqueous phosphorous-32 sol uti on was 
blended into Sauereisen 14, a proprietary cement thinner having a silicate base. A 
measured quantity of the mixture was pi petted onto a precoated metal plate {tantalum 
and aluminum were found suitable). After drying and baking thoroughly, a uniform, 
hard, and tenacious radioactive deposit remained. 

Sources prepared in this manner withstood vibration, impact, moisture, temperature, 
and vacuum tests with virtually no effect. 

Other materials in aqueous solution could be deposited in a similar manner by the 
procedure that was deve I oped. 
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SOURCE PREPARATION 

EXPERIMENTAL WORK 

Choice of a Coating Method 

Several possible approaches were available for preparing phosphorous-32 sources 
affixed to a metal backing. Among the possibilities were: (1) electrodeposition on 
the metal, {2} incorporation of the radioactive material in an adhesive, and {3) 
absorbing the phosphorous into a matrix or sheet which could then be affixed to the 
metal backing. The most logicai method appeared to be the second approach; 
namely, incorporation of the radioactive phosphorous into an adhesive which could 
then be applied to the metal. 

Among known adhesives which could possibly meet the test requirements was one 
called Sauereisen lnsa-Lute Adhesive Cement 1 .{a) This was suggested as a water
proof, liquid porcelain cement for metals that will not deteriorate at high tempera
tures. This cement likewise had the advantage of miscibility with aqueous solutions, 
the form in which phosphorous-32 was most readily available. 

Choice of a Metal Backing 

A mixture of Sauereisen paste (16.6 gm~) with 2.4 milliliters of aqueous sodium 
phosphate solution toproduce a 1% phosphorousconcentration was appliedtoaplati
num sheet. Upon ciryino and gently worming under an infrared lamp, the cement 
pulled loose from the platinum backing. Various procedures were tried to roughen 
the surface of the platinum metal to improve adhesion; ie, anodizing, abrading with 
steel wool, and producing a coating of platinum black on the metal surface, but none 
proved effective in improving adhesion. 

Other metals were tried as backing material: copper, silver, and tungsten displayed 
poor adhesion with the Sauereisen cement; aluminum was found to provide excellent 
adhesion. Sauereisen cement spread on aluminum was dried in air and fired in an 
argon atmosphere at 500° C for 30 minutes. The resulting coating was hard, adher
ent, and water resistant. Aluminum, however, lacked one important feature; namely, 
adequate capability for shielding against beta radiation through the metal backing. 
As a possible alternative, an aluminum coating was vapor deposited on a platinum 
base. Sauereisen cement applied to this arrangement removed the aluminum from its 
platinum backing. 

Tantalum was tried as a possible substitute for platinum and it was found that Sauereisen 
cement bonded well to the metal. Among the advantages of tantalum were: great 

(a) Sauereisen Cements Company; Pi II::.Lur~h, Pe1111sylvonia • 
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atomic density (resulting in good shielding characteristics), necessary structural 
rigidity, and significant savings in cost compared to platinum. 

Uniformity and Quantitation of the Coating 

One difficulty with the application of Sauereisen 1 paste cement was in obtaining 
uniform coatings. Coating uniformity was significantly improved by using Sauereisen 
Thinning Liquid 14 which contained no inert filler material. The adhesive mixed 
with radioactive phosphorous-32 was applied by brushing. Although this procedure 
resulted in fairly uniform autoradiographs for a single coating (Figure 1) to good 
uniformity for a double coat (Figure 2), quantitation would be difficult in either 
case. 

In an effort toward quantitation, a glass fiber filter paper disc was used in which a 
measured quantity of adhesive was absorbed. Sauereisen thinning liquid was colored 
with fluorescein as a visual tracer of uniformity. The adhesive was pi petted onto the 
glass fiber paper disc on a metal backing plate. The disc was bonded to the metal 
at the same time. After drying, examination showed a preferential migration to the 
outside of the disc with a consequent peripheral concentration of material as evi
denced by the distribution of fluorescein. 

A second attempt at quantitation called for the dilution of Sauereisen 14 with water 
and pipetting an aliquot of the solution onto a prescribed area. Spreading the solu- · 
tion to cover the desired area proved very difficult due to the lack of wetting action 
on the metal. It was found that a light precoat of Sauereisen 14 facilitated the 
spread of the subsequentpipettedsolution. A precoat of onepart Sauereisen Thinning 
Liquid 14 and three parts water was brushed upon the prescribed area and dried in 
air. 

A coating solution was prepared that consisted of one part Sauereisen Thinning Liquid 
14 and five parts of an aqueous dilution ·of phosphorous-32. When 0.5 milliliter of 
this solution was pipetted on each 1 1/2-inch-diameter circular area, the coating 
displayed serious peripheral concentration as shown by its autoradiograph (Figure 3). 
An improvement in uniformity was noted by doubling the volume of the coating 
solution to 1.0 milliliter, although a central deficiency is still noted in its auto
radiograph (Figure 4). The coating solution was spread successfully by drawing the 
solution with the pipette tip to cause the material· to run to the boundaries of the 
precoated area. It was imperative that all plates be absolutely level during the 
time the sources were prepared. 

In an attempt to minimize the peripheral concentration, a more viscous coating so
l uti on was prepared from ten parts Sauereisen 14 and three parts aqueous phosphorous-
32 solution. Three-tenths milliliter of thismixture waspipetted upon eachprecoated 
circle on the tantalum plate. After air drying, the coating was cured in an oven at 
200° F. Autornrlinarnphs of this preparation (Figure 5) show good coating uniformity • 
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Figur"' 1. A!ITORADIOGRAPHS OF A PHOSPHOROUS-32 SOURCE 
CONTAINING A SINGLE COATING OF THE SOLUTION. (l.6X) 
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Figure 2. AUTORADIOGRAPHS OF A PHOSPHOROUS- 32 SOURCE 
CONTAINING A DOUBLE COATING OF THE SOLUTION. (1.6X) 
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Figure 3. AUTORADIOGRAPHS OF A PHOSPHOROUS-32 SOURCE 
CONTAINING 0.5 MILLILITER OF A SOLUTION MADE OF ONE PART 
THINNING LIQUID AND F lYE PARTS AQUEOUS P-32. (1.6X) 
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Figure 4. AUTORADIOGRAPHS OF A PHOSPHOROUS-32 SOURCE 
CONTAINING 1.0 MILLILITER OF A SOLUTION MADE OF ONE PART 
THINNING LIQUID AND FIVE PARTS AQUEOUS P-32. (1.6X) 
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Figure 5, AUTORADIOGRAPHS OF A PHOSPHOROUS-32 SOURCE 
CONTAINING 0.3 MILLILITER OF A SOLUTION MADE OF TEN 
PARTS THINNING LIQUID AND THREE PARTS AQUEOUS P- 32. (1.6X) 
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This latter coating technique which produced adherent, uniform sources on a metal 
base (the tantalum combining both structural and shielding functions) formed the 
basis for the recommended technique. 

Testing the Coatings 

Sample sources produced by the recommended procedure successfully withstood the 
tests for temperature, vacuum, moisture, and vibration. Test coatings were subjected 
to 200° Fat pressures< lQ-5 torr for four hours. In a cold-humidity test, the source 
plates were chilled to 25° F and immediately exposed at room temperature to a 
moisture-saturated atmosphere, causing condensation of water droplets on the surfaces. 
After air drying for 1 - 2 hours; the plates were placed in a vacuum chamber at 
< 1 o-5 torr overnight. During a vibration test the plates were subjected to forces of 
8 G at resonant frequencies for ten minutes along each of the two axes. No visible 
changes appeared in the coatings after completion of the tests. 

An indication of the physical stability of the cement coatings was demonstrated by 
repeatedly impacting coated plates flat against a hard stone or metal surface. Usually 
no change was observed. Occasionally some cracking of the coating would occur 
but seldom was any piece dislodged. To remove the coating from the tantalum or 
aluminum backi.ng, severe bending was required to crack the coat into small pieces 
plus physical scraping to pull the pieces away from the metal. 

It was found necessary to dry the Sauereisen coat thoroughly by baking in an oven at 
160° F for 1 1/2 to 2 hours followed by a final bake at 200° F for two hours. With 
insufficient curing, the coating blistered when subjected to the vacuum test at 200° 
F. 

The recommended technique should be applicable to the preparation of sources other 
than phosphorous. Any water-soluble radioactive material could be incorporated into 
the Sauereisen thinner to prepare sources of varying characteristics. 

RECOMMENDED PROCEDURE 

Materia Is Needed 

1. Sauereisen Thinning Liquid 14. 

2. Small camel's hair brush. 

3. Measuring· pipette. A one-milliliter serological pipette is suitable when equip
ped with a two-milliliter syringe attached to the top for accurate control of the 
pi petting • 
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4. Lead-lined gloves that are elbow length. 

5. Tantalum plates precut to the desired size. 

6. Adequate plastic or glass shielding against beta radiation. 

Solutions Used 

1. Precoat consisting of one part by volume of Sauereisen Thinning Liquid 14 with 
3 parts water. 

2. Radioactive source solution made from a mix of one part by volume of Sauereisen 
Thinning Liquid 14 with 0.3 part of the aqueous phosphorous-32 solution. (All 
handling of P-32 solutions must be done with adequate shielding against radio-· 
activity.) 

Preparation Procedure 

1. Thoroughly clean the tantalum metal plates by a brief exposure to hydrofluoric 
acid and subsequent water rinse. 

2. Outline on the plate with penci I the desired area to be covered by the P-32 
source material. 

3. Brush onto this area the precoat solution. Permit this coat to air dry. 

4. Pipette the P-32 source solution onto the plate (0.3 ml/40 mm diameter circle). 
Using the tip of the pipette, spread the solution sufficiently to cause it to flow 
to the boundaries of the precoat. The plate must be on an absolutely level 
surface unti I air dried to a hard coat. 

5. Place the air-dried plate in a drying oven at 70- 75° C (- 1600 F). 

6. After 1 1/2 - 2 hours, increase the temperature to 93 - 95° C (200° F) and main
tain this temperature for at least two hours to complete the curing. 




