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.......... The uses of radioisotopes as a whole give these 

by-products of the liberation of atomic energy 

a general importance 'that is greater for the 

real progress of our civilization than the pro-

duction of atomic energy itself .••.•••••.•••••• • 'J • ••••••••• 

Professor Perrin 

French .High Commissioner 
for Atomic Energy 
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A new Quarterly Technical Progress Review, "Isotopes and Radiation 

Technolgoy," was approved by the U. S. Atomic Energy Commission in the 

sunnner of 1962 and its preparation was assigned to ORNL as apart .of the 

general program of the Isotopes Development Center. The assembly of a 

staff began .almostimmediately. By early fall, under the auspices of the 

AECJs Divisions of Technical Information and Isotopes Development, the 

preliminary drafts which are now the first issue of this periodical were 

being developed. "Isotopes and Radiation Technology" is the fifth of a 

series of Commission-sponsored quarterly technical progress reviews which 

cover broadly the field of nuclear science and technology. The. others are 

Nuclear Safety, .Power Reactor Technology, Reactor Materials, . and Reactor 

Fuel Processing. 

This new review will emphasize tpe reporting of DID-sponsored re­

search and development. By publicizing presentapplicati.ons, it can help 

to expand t.he utilization of isotopes:; and by helping the Commission and 

contractors to keep abreast of related activities within the ABC complex 

it can help prevent overlap of research effort and can aid in predicting 

isotope usage so as to point the direction for future isotope production. 

efforts. 

"Isotopes and Radiation Technology" is a technical progress review. 

Even guest articles will be of a review nature.* The editors .and the AEC 

have no intention of duplicating the present efforts of commercial pub­

lishers of abstract journals .and periodicals covering original repearch, 

and overlapping will be avoided. Books, monographs, and bibliographies 

that are considered pertinent to the areas routinely covered will be 

noted and occasionally reViewed • 

*e.g., see report by G. H. Cartledge on technetium in this issue, p. 3. 
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The ultimate success of the review will, of course, depend upon its 

value to the readers; a little time and experience will be needed to 

evaluate this. Therefore, we shall make no attempt to fix the format 

of the quarterly at the present time, and the editors will be counting' 

heavily on reader criticism and suggestions to help them out. 

• 

• 

• 
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Recentpublicityl has pointed out that one of the most 

interesting,properties of technetium is the "anticorrosive" 

charac,terlsticof its pertechn~tateion, TC04- .G. H. Cartledge 

of ORNL; who has pioneered in this field, has ,written the accom-

panying ~rticle to bring us up to date on the status of the theories 

behind this particular use of technetiUm. The timeliness of such 

a report is emphasized by the fact that the slow burning (rusting) 
, \ 

of iron and steel alone costs the U. S. more per year th~n all 

the faster burning forest, factory, and city fires put togetner. la 

Technetium was not, discovered until 1937, although many 

investigators, starting with Osann and his "po1inium" 'in 1828, 

claimed to have isolated ,ito~ However, in 1937 Perrier and 

Segr6 irradiated molybdenum ,in ,a cyclotron and reported Tc95m 

and Tc97m with half-lives of 80 and 90 days, respectively.3 

More recent'lyTc99, with a half-life of 2 x'105' years, has 

been isolated from fission-product wasteso A few years ago 

it was priced at from $2600 to $1600 per gram, depending upon 

quantity, but c~ now be purchased from the ,Isotopes Sales 

Department of ORNL for less, than $100 per ,gram" ' 

Other applications of technetium ,include its use in 
-', 4 ' . 

superconductors, and it is being considered'for catalysis, 

ap an anticorrosive agent, ,in high-press;n:e boil~ng water 

reactors,'in senrl.conductors, and as a source'of low~energy 

radiation for radiog~aphY.* 

*See p.' for the report on Tc99 sources~ .. ,> 

' •• 1 
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INHIBITION OF CORROSION BY THE PERTECHNETATE ION 

G. H. Cartledge 
Chemistry Division 

Oak Ridge National Laboratory 

Experiments have demonstrated that very effective.inhibition of, 

the corrosion of iron and steel can be achieved with low concentrations 

of pertechhetates under suitable conditions. Whereas there may be spe-

cial circumstances in which the inhibitor may find practical application, 

its radioactivity and costmust.necessari~y r~strict its widespread use. 

There is need, however, for further investigation of possibilit1e·s of' 

using it in protective coatings9r similar applicatiori~, and also of 

its relation to the corrof?ion of nonferrous metals. The distinctive 

properties of technetium compounds make the element an excellent new re-

search tool and differentiate it sharply ,from chromium, which forms the 

inorganic compounds so extensively 'used as inhibitors. 

Properties of Technetium Compounds Related to Inhibition 

A comprehensive revi~w of the chemistry of technetium has been pub~ 

lished recently,5 but ,the following comparison with the chemistry of 

chromium.'will suffice to illustrate the differences that are significant 

for studies in inhibition. 

The important valence states of chromium and technetitmi are. Cr(VI), 

Cr(III), Tc(VI:n, and Tc(±V) ,respectively. The bivalent chromate ion 

has basic and buffering properties: 

whereas the univalent pertechnetate ion derives from a strong acid and 

lacks buffer capacity_ When used at 10-3 ! concentration and pH 6.0, 
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the respective reversible electrode potentials are: 

cr04=' + 5H+ + 3e-~ cr(oH)3(PPt) + H20;,~ = '0.59 volt (2) 

a.nd 

Polarization measurements ata passive iron electrode .indicate that the 

exchange current density of the pertechnetate electrode under the con-

ditions specified above is several orders of magnitude greater than 

tp,at .of the: chromate electrode. Unlike the chromate ion, the pertechne-

ta.te ion does not oxidize ferrous ions in weakly acidic solution, 

although .it is effective in inhibition under the same conditions. 

Oxidation does occur ,however, in alkaline soluti'on. 

The long half-life of Tc99 (2.15 xl05 y)andits 0.29-Mevbeta 

.radiation make it .eminently suitable for tracer or autoradiographic' 

techniques. At the low concentrations required in studies of inhibi-

tion the radiation hazard is of no consequence. 'The strong absorption 

bands of the aqueous 'perte.chnetate ion at 244o and .2875 A' are very use-

f'ul f'oranalyti.cal purposes ,. the ·extinction coefficients being 6080 and' 

2310, r~spectiv~ly. The best value of the ratio of these coefficients 

is 2.63, andth1s is a useful testoft~e purity of per tech net ate solu­

tions.· The only electrode potential that has been directly measured6 :is 

that 'of the couple, 

Tc04- + 4H+ .+ 3e- ~ TC(OH)4(ppt); ~ = 0.738 volt~ (4)· 

Other important measured or calculated quantities are:7 
-") 

Solubility 'of KTc04at 25°C =0.l057~ 

,£0 for Tc04- = 47.9 ± 0.3 e.u. 

~o for TC04(aq)' = ~73.3 e.u. 

• 

• 

• 
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~o for TC(OH)4(ppt) = -202.3 kcal/mole· 

~o for TC(OH)4(ppt) ~246.3 kcal/mole 

Technetium is recovered from fission products by solvent-extraction 

8 
procedures and converted to the saltsNH4Tc04 and KTc04- Metallic tech-

netium is obtained .in the form of powder by a two-stage reduct.ion of . 

NH4Tc04 by hydrogen. In the first stage, Tc02 is produced at .200°0, 

and this is converted to metal at 700-800°0. The powder may be melted 

in an induction furnace (m.p. 2150°0)_ A few Fe-Tc ·alloys have been 

prepared for metallurgical and electrochemical study •. 

studies of Inhibition 

When iron or low-carbon steel is immersed in a solution of potas­

sium or·ammonium pertechnetate at a pH of 5 or higher, there is an 

initial reaction wherein the inhibitor ion is reduced with formation of 

a film of mixed iron and technetium hydroxides. The extent of this 

reaction depends somewhat on the composition and surface activity of 

the metal; it may be measured by counting the beta activity of the 

water-rinsed specimen, since absorption of the weak betas. is slight in 

the thin film·produced. The precipitated Tc(OH)4 may be reduced to 

much less than .a monomolecular layer if an oxidizing agent such as 

hydrogen peroxide is added to the pertechnetate solution. ·Once passiva-

tion is achieved, no further consumption of the inhibitor ·is required 

if the solu,tion is ·exposed to air. Two specimens of S~A.E. 1010 carbon 

steel have been immersed in a 5 x 10-4 ! solution since January 1953 

(Fig •. 1) • The ·betaacti vity of the rinsed specitnenshas been measured 

30 times over the 10-year period. It rose to a maximum within 2 hr 

after exposure at .95°0, and then slowly fell about .10 percent owing to 
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reoxidation of Tc(OH)4 by oxygen. After the activity leveled off, the 

counts on one specimen showed the presenc~ of 0.146 ± 0.005 ~gof tech­

netium on 4 cm2 throughout the long experiment. The surface of the 

specimens is still bright, the solution is 

clear, and the weight is unchanged within 

0.1 mg. OmIT, Photo 

The film of reaction products first ;1080·3 

formed -is not sufficient for maintaining 

resistanc-e to corrosion, however, even 

when heavy deposits are induced. Some minimum concentration of pertech-

netate ions must remain in contact with the metal for -inhibition to per­

sist. This seems to be about 5 ppm of Tc (5 x 10-5 ! TC04-) with 

electrolytic iron and somewhat-higher with carbon steels or cast iron. 

Tests demonstrated tha tthe perrhenate ion, Re04 -, which is similar 

in charge, size, and geometr~had no inhibiting properties at any con-

centration at- temperatures between 5° and 95°C. In 'order to determine 

whether the radiation or radiolytic products from technetium were in-

volved _in its action, a radioactive form of the perrhenateion was pre­

pared containing-Rel86 ,l88. When this was used at a specific activity 

corresponding to that -of the-inhibiting -pertechnetate solutions, there 

was still no inhibition. 

That adsorption is inv?lved _in the overall corrosion-inhibition 

process was indicated by experiments in which foreign ions, such as 

sulfate, were added to inhibited systems. It was shown that all the 

x04
n- inhibitors fail when the added ions exceed some concentration, 

which increases as the concentration of inhibitor -is increased. 

• 

• 

• 
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The failure of the perrhenate ion to inhibit corrosion is particu-

·larly significant for 'adsorption theories, since it is externally similar 

to the pertechnetate ion. Since the electrochemical polarization theory 

ascribes the inhibiting properties of chromate and, presumably, pertech-

netate ions to their reducibirity, polarization measurements have been 

made to determine the relative rates of reduction of oxygen and reducible 

inhibitors 'on a passive iron electrode. Experimental results9 for 

oxygen, technetium, and two other inhibitors (Fig. 2) show that the only 

inhibitor that ·exceeds . oxygen in its rate of reduction at potentials.in 

the neighborhood of the Flade (passivating) potential is Os04. These 

measurements disclosed .an.interesting feature of the'electrodes 'exposed 

to pertechnetate ion .and osmium(VIII) oxide. In both cases, the re­

duction -product's, Tc(OH)4 ahd Os (OH)4" accelerated the cathodic process, 

whether 'oxygen or inhibitor was being reduced. The data from 'an ex:peri­

mentl~nvOlVing reduction of pertechnetate ions (Fig. 3) again show the 

-favorable properties of technetium compounds. Any T'c(OH)4 cathodically 

produced on the surface may bE; removedeas;ilyby brief anodic polar:Lza-

tion so that·effectsassociated With itspresence·may be identified. 

Theories of Inhibition 

In modern studies of the mechanism of corrosion and its ihhibition, 

the radioisotope principally used has been Cr5l with a2708-d~y half-

life. This nuclide has been used,. for example , in studies of the com-: 

position of passive films and the rate of deposition of such ·films on. 

iron. Since the chromate ion is the most uSeful of the inorganic 

inhibitors of the passivating type, it ,is largely around this.ion that 

theories of the action of such inhibitors have been developed • 
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These theories have considered rather varied conceptions as to·the 

function of the inhibitor, the simplest being that the buffering 'and 

oxidizing 'properties of the chro~te ion permit it to oxidize ferrous 

ions emerging through imperfections in the film anqthus precipitate a 

. plug directly in the pore or crack. Evans ,tl who advanced, thiS' hypothe­

sis years ago, now 'attempts to give a more generalized description of 

the conditions that give rise to corrosion, on the one hand, or forma-

tion of a .protective film, on the other. For this purpose, he considers 

the nature of the barrier to anodic dissolution which 'isinterposed by 

whatever species is preferentially adsorbed on the metal surface from 

the solution. Tf this is water 'orhydroxide ions, emerging ferrous 

ions first· meet the oxygen (negative) side of the adsorbed layer and 

further migration is impeded by the more remote (positive) side of the 

layer. Protons are then ejected and carry the anodic current.awayfrom 
,. 

the surface, leaving an oxide film that maybe protective. Evans then 

treats the chromate ion analogously, postulating that both it and the 

++ sulfate ion may have a positive region, X0
2 

,analogous to that shown 

+-. 'by the nitronium ion, as' in crystalline N02 GI04 • Both Uhlig 'at .MoI.T. 

and Kolotyrkinin Russia have postulated electrical effects at the sur-

face due to adsorption, but without developing the concepts to the 

degree that would'permit a real differeritiationbetween inhibiting and 

noninhibiting ·species. 

12 
Another theory \ of the action of reducible·inhibitorslike .the 

chromate ion is that reduction cart occur at a sufficiently high current 

density and potential to polarize the metal anodically above that poten-

. tial required for passivation. In this theory, no specific properties 

• 

• 

• 
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• are assigned to the inhi'bi tor other than its oxidation-reduction pot en-

tial and exchange current density.. Although this 'explanation may suffice 

in particular cases, it takes no account of specific interactions between 

the surface and aqueous ions or molecules which certainly ,are present. 

Nor does the theory explain how certain nonoxidizing inhibitors make it 

possible for oxygen to induce passivity in their presence, whereas it 

would accelerate corrosion in their 'absenceo The polari.zation theory 

without supplementary considerations cannot, therefore, be considered a 

general theory of inhibitionQ 

There are also reasons why oxidation and buffering do not ,appear 

, , ' 13 
sufficient ,as a general explanation of inhibitiono Further, the ideas 

regarding surface effects of adsorption were unable to explain why 

chromate ions inhibit corrosion, whereas su~fate ions do not, although • the two ions have the ,same charge, geometrical configuration, and 

nearly the same size., It was this ,situation which led to the suggestion 

that the d,ifferentiationmust ,lie within the ion, rather than depend 

upon its gross charge, size, or geometry .. 

'13 A crude electrostatic calculation made in 1952 showed that chro-

mate ,and sulfate ions will induce space charges of opposite polarity 

when adsorbed on a dielectric surface, if, as seemed ,likely, the 8-0 

bonds are essentially covalent and the Cr-O bonds largely ionico This 

difference in polarity should affect the kinetics of charge transfer 

across the interface. If the space charge i.s ind-eed 'related to the 

difference in corrosion rates, one should then be ,able to describe con-

, n-
d,itions fav.orab1e to inhibitory properties in the X04 structure: 

• (1) a high central positive charge; (2) ionic bonding X-Oj and (3) an 
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oxidation-reduction potential low enough to 'prevent rapid reduction of 

. n-
the X04 .particles past the point of forming 'a . surface film of reaction 

products. The last criterion excluded the powerful oxidant Mh04-, and 

it was therefore apparentl4 that technetium, in the seventh group of 

the periodic. system 'was the most,lik~ly of all elements to have the 

desired combination ',of properties. There were reasons for anticipating 

that the Re04- ion would be less inhibitive, but no way to predict how 

Ip.uchless. 

Experimentsl5 with el'ectrolytic iron .and carbon steel in November 

1952 immediately demonstrated the correctness of the prediction regard-

ing the pertechnetateion.ltwas found to be more :effective bQth at 

IOy.Ter concentrations and at higher temperatures than the chromate ion. 

Thus, 5 x 10-5 ! KTc04 gave excellent.protection to S.A.E.IOlO steel.at 

250:~C ina test .lasting :116 hr; a visible film formed on'the specimen, 

but the solution remaine~ clear, and the weight of the metal was un-

changed within 0.1 mg. 

Conclusion 

The 'experiments citediIlust'rate how technetium may be used to 

evaluate the various theories of inhibitor action. For example, the 

absence of buffer action and the mild oxidation potential argue against 

the early chemical hypothesis. The extreme contrast between the char-

acteristicsof TC04- and Reo4- disproves any idea of adsorption that 

considers :only the external features:of the ions. The theory of purely 

electrochemical polarization is doubtless a valid description of action 

,that could account for 'passivation, although the measurement of the com-

parative contributions of oxygen ,and reducible inhibitors shows that 

• 

• 

• 
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oxygen is the chief source of cathodic current with either Tc04- or 

Cr04- as inhibitor. The action of sulfate ions in destroying inhibition 

also shows the incompleteness of the polarization hypothesis. 

There is considerable evidence to support the assumption of the 

electrostatic polarization hypothesis which looks inside the various 

ions for differentiating characteristics among them. 13. ,16" The conclu-

sion'mostlikely to be reached ultimately 'is that each of the ideas thus 

far 'proposed is meaningful for some aspect.of the inhibitory process, 

the complete understanding of which will necessitate the combination 

of the points :of view of the electrochemistand the solid-state 

physicist • 



• 

• 
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In this first issue, a brief general review of the principles of 

isotope production and utilization will be followed by more detailed 

consideration of various applications in a number of areas. In subse-

quent issues, advances in techp.ology and new applications will be covered 

but, in general, routine applications will be ignored. Since there are 

only certain utilization principles " we hope that novel disclosures in 

one area may suggest analogous techniques to users .in .other areas. 

A chronological outline of the ·development .of the isotopes program 

is included to provide background information. Many publications, in-

cluding annotated bibliographies,may.be used to supplement the reviews 

in the first issues of this quarterly by those Who want more detailed 

information on early work and developments. Among these are the three-, 

fi ve-·, and eight-year summaries of isotope distribution and utilizationj 1 

the subsequent bibliographies published by the U. S. Atomic Energy Com­

missiOnj2 the list. of special s~urces of isotope informationj} the 
. 4 . 

reports of the Atomic Energy Commission to Congressj and various AEC 

and nongovernment publications. 5 

Only about 100 radioisotopes are now routinely available,6 but more 

than 1000 have been isolated-and more than 1500 identified. Certainly 

many of these have properties suitable for a wide variety of applica-

tions. We plan to keep readers abreast of progress in this 

.J 
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direction, particularly as enriched targets and higher fluxes are used, 

and to suggest profitable areas of utilization. The subject "Stable 

Isotopes" will be covered in a separate section. 

That the program has grown -- and grown rapidly is illustrated 

by examination of. information on shipping, licensing, and publications 

since 1946 (Table I-I) and by comparison of the number of labeled com­

pounds available in 1949 with the number available in 1962 (Table 1-2). 

Table I-I. Growth of Isotopes ~ogram 
Total Total Authoriza- Cumu;L~t':[,ve Total 

To (Date) Shipments tions and Licenses Publications 

Aug. 1949 11,400 5,000a. 1,850 

June 1951 18,900 13,1009. 3,000 

Dec. 1954 64,200 37,155
a 7,000c 

Dec. 1958 118,600· 4,347 15,000c 

Dec. 1962 170,000 5,881
b 40,000c 

~ntil 1956, individual authorizations were processed for each 

isotope. After that., users were able to obtain licenses which 

could authorize any number of isotopes. 

bThe 1962 figure does not include licenses transferred to the. 

jurisdiction of California (580), Kentucky (68), Mississippi 

(37), and New York (637). 

~stimated on basis of sampling from Nuclear Science Abstracts,' 

Chemical Abstracts, and.J. of Nuclear Medicine. 

• 

• 

• 
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Table 1-2. Number of Labeled Compounds 

Available in 1949-1962 

Isotope 

5 

5 
13 

",,100 

ap • 68 of ref.erencela. 

b pp. l3~132.ofreference 7. 

Isotope Produ<;::tion 

131 

56 

. Any appl;lcations involving radioisotopes presume availability of 

suitable nuclides. Most radioisotopes are' prepared by nuclear reactions 

involving neutrons from reactors,. by cyclotron reactions, or by separa ... 

tion of gross fission products which remain aft~r the processing of 

spent fuels to recover the unused fissiJ.,e material (Tables 1-3, 4, 5). 

Table 1-3. Neutron Reactions Table 1-4. Cyclotron Reactions 

Reactiol'l Example Reaction Example 

(n,'Y) 
. . 6 

0059(n,'Y)co ° (p,n) Li7 (p,n)Be7 

Fe58 (n,l)Fe59 (d,n) .Ge 72( d,n)l\s 73 

(n,p) r4(n,p)c~4 (d,2n) cr52(d,2n)Mn52 

s32(n,p)p32 (d,a) Mg24(d,a)Na~2 

(n,ex) ca4o(n,ex)Ar37 (p,pn) 48 47 Ca (p,pr})Ca 

Li6 (n,ex.);a:3 (p ,ex) Mg25(p,ex)Na22 

(n,'Y;EC) xe124(n''Y)x~125 ~ 1125 
:A 

(n,'Y;t:Y' ) PdllO(n,y)Pdlll a Aglll 
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Table I-5· Fission Products 
-Isotope ~Fission Yield Half": life 

Kr85 0.3 10·3 y 

Sr90 
5·9 28 y 

Zr93 6.5 1 xl06 y 

Tc99 6.1 2 x 105 y 
144 6.1 0.8 Ce y 
-147 Pm 2.6 2.6 y 

Cs131 
5·9 30 y 

I129 1.0 1.1 x 101 y 

Isotope Utili~ation 

The principles of isotope utilization (Fig. I-I) have been reduced 

-to three major types, or methods of use. The first two applications 

do not incorporate the activity into the process rn.ate.rial and there is 

no possibility of its remaining in the final market product. In the 

third, aradioisot6pe is introduced into the substance und,er investiga-

tion -- usually a short-half-life isotope -- in small amounts, but 

nevertheless often in sufficient quantity to leave an objectionable 

residual activity.- The three types of applications involve: 

1. The Effects of Radiation on Materials. The radioisotope is 

used as a fixed source of radiation, comparable to ordinary radium or 

x-ray machines, and the radiation is allowed to impinge upon the mate-

rial that is to be affected by the radiation. There are manyi~portartt 

examples of this application. The target material maybe a plastic, 

exposed in order to alter its properties (Fig. 1-2);- a patient with a 

malignancy, receiving therapy; food being irradiated to retard decay 

(Fig. I-3); or a phosphor being excited to luminescence by an admixed 

isotope. 

• 

• 

• 
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2. The Effects of Materials on Radiation~ Here the target mate-

rial' affects 'the radiation in such a ,way as to provide' information 

about the material. ,The rad!ation,either reflected from orpenetrat. 

ing the material, is measured by a counter or photographic emillsion, 

, depending on ,the information required. For example, .in lndustrial,,<;)r 

medical radiography a ra.dioactivesource ca.n'repla~e x-ray machines ,to 

photograph bones, teeth, or castings. Industrial utilization includes 
" , 

many important applications to process and product control: measuring 

blind (inaccessible) liquid levels (Fig. I-4); gaging thickness of mov- , 

ing sheets of paper , plastic, and metal (Fig.I-5) ;cont;:'olling ci'garette 

densities; radiographing castings arid int,erna.l structures of 

equipment' (Fig. I-6); tracing oil flow in pipelines (Fig. I"'I,7 );, $nd., 

in some of the mo;e, recent applications, ,usingthe'lsotopic heat 

re$u1ting from,the complete absorption of the radiant e:p.ergy by a heavy 

metal such as lead or uranium, (Fig. r-~ )'. 

'.The Tracing of Radioactive Atoms.' Perhaps the most interest­

,ing and'significant use of radioisotopes takes advantage of the continu-, 

ous "broadcast signal" generated by the d~caying radioisotopes. Suit-

able detectors can be used to follow even the most complicated courses 

of these atoms as they take part in chemical reactions or biological 

processes,or as they are involved in physical transfer. The,radio~ 

isotope tracer may be used to study surface phenomena such as induced 

passivitYj it 'may be incorporated 'in a compound added ,to 

water running through a leaking pipe;' 'it may be ,an active 

atom in sugar (e.g. , C14) for studying body llletab~liSIll; Gr 

it may be a la.bel ina fertilizer compound used ,to;stud:y' the mechanism 

of fertilizer uptake. 
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CHRONOLOGICAL OUTLINE OF DEVELOPMENT OF ISOTOPES PROGRAM 

1946, June First public announcement of reactor-produced radioisotopes 
available' under the distribution program appeared in Science 
(served as 1st radioisotope catalog) 

1946, Aug. First reactor-produced radioisotope shipment; from Oak Ridge 

1947 i Jan. Jurisdiction of program turned over to ci vilianAtomic 
Energy Commission 

1947, Mar. Initiation of reactor service irradiations, that is, a 
service whereby the radioisotope user may submit his own 
sample for irradiation or 'neutron ,bombardment in a nuclear 
reactor 

1947, July First compound lab'eled with radiocarbon (methyl alcohoi) 
available from the Commission 

1947, Sept. Routine availability of chemically processed radioisotopes 
with standard specifications 

1948, Jan., 

Initiation of a program for international distribution of 
radioisotopes 

Formation of an Advisory Committee on Isotope Distribution 
(to replace interim policy committee set up under the 
Manhattan Project) 

Initiation of a program for distribution on a loan basis 
of more than 100 varieties of electromagnetically concen­
trated isotopes of about 30 elements 

Publication of regulations by the Interstate Commerce Com­
mission for shipment of radioisotopes by common carrier 
(rail and truck) 

1948, Apr. Initiation of a program making available free of production 
costs three isotopes -- radiosodium, radiophosphorus, and, 
radioiodine-for research, diagnosis, and therapy of cancer 
and allied diseases 

1948, June Opening of first Commission-sponsored training course in 
radioisotope techniques by Oak Ridge Institute of Nuclear 
Studies 

1948, July Beginning of production and distribution of radioisotope­
labeled compounds by commercial firms 

1948, Sept. Distribution of tritium (radioactive hydrogen) and stable 
helium-3 

e 

e 

e, 
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1948, Sept. 

1949, Feb. 

2.3 

Completion of a nationwide intercomparison of· iodine-l31 
radiation analyses conducted by the National.Bureau of 

, ' ' I 

Standards and Atomic Energy Commission 

Extension of Commission's program for support of c~n,cer 
research to include the availability of all normally.dis­
tributed radioisotopes fr~e of production· costs for use in 
cancer research . 

. 1949, June . Initiation of a program for cyclotron production and dis­
tribution of certain long-lived radioisotopes not producible 
in the nuclear reactor 

1949, JUly Enactment of regulations by the Civil Aeronautics Board 
for shipment of radioisotopes by commercial aircraft 

1950, Mar. Completion of newla~~e-scale radioisotope proce~sing 
facilities at Oak Ridge National Laboratory 

1950, Oct. Announcement of program for returning radioactive wastes 
to Commission facilities for disposal 

1950, Dec. Initiation of cooperative visitation with state health 
departments to radioisotope users 

"1951, Jan • 

1951, Mar. 

1951, Apr. 

Announcement that Brookhaven National Laboratory will pro­
vide reactor irradiation services and radioisotopes 

Elimination of requirement for publication of results. 
obtained with AEC-produced.radioisotopes 

Publication of first issue of the quarterly bulletin, 
"Isotopics--Announcements of the Isotopes Division" 

Publication in Federal Register of regulations governing 
radioisotope distribution, including designation of 
"generallylicensed l1 quantities(requiring no +'ic~nse 
application) 

1951, Juiy Expansion 'of international distribution 'of radioisotopes 
to include all reactor-produced radioisotopes (except 
tritium and polonium-210) and to authorize ~he export o"f 
these materials for use in scientific research, medical 
research, indl.i"strial research, medical therapy, and indus-
trial applications '. 

1951, Nov. First' radioisotope (iodine-131) accepted by. Federal Food 
and Drug Administration as effective new drug; phosphorus-32 
accepted June, 1952; and colloidal gold-i98 accepted 
October, 1954 .. 
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First film of thirteen-part radioisotope training film 
series', "The Radioisotop~," made available for distribution 

1952, Apr; Announcement of availability of neutron activation analysis 
service at Oak Ridge.National Laboratory, 

1952, May Publication of AEC-financed supplement to the Journal of 
the American Chemical Society on labeled-compound synthesis 

1952, June Revision of AEC,Cancer Program to make most radioisotopes 
available at 20 percent of catalog prices 

1952, July First authorization of industrial waste disposal service 

1953, Dec. Publication in the Federal Register of criteria governing 
the authorization of AEC-supplied radioisotopes for research 
and development, for human use, and fO.ruse under a general 
authorization; use of license-exempt quantities of radio­
isotopes in humans expressly prohibited 

1954,Ja.p. Announcement of availability of facilities for irradiation 
of large items at Brookhaven National Laboratory 

Publication by USAEC of list of 492 isotope-labeled com­
pounds available from 13 commercial suppliers, the National 
Bureau of Standards, and Oak 'Ridge National Laboratory 

1954, July Announcement 'of ,standard reactor units of radioisotopes 

Revision of Federal Radioisotope 'Distribution R~gulations 
to cover radioisotopes produced in any publicly or pri­
vately owned nuclear reactors located within the United 
St~tes, its territories, or possessions 

Stable isotopes made available for export 

1954, Sept. Issuance of Argonne National Laboratory booklet, "Irradi­
ation Services," containing detailed information on services 
available at ANL's Research ReactorCP-5, Experimental 
Breeder Reactor, and,its 60-inch cyclotron 

1954, Oct. Approval of Kilocurie Fission Product Separation Plant 
to be located at Oak Ridge National Laboratory 

Announcement of Gamma Irradiation Facilities at National 
Reactor Testing Station to provide gamma-ray fields of the 
order of 10 million roentgens per hour 

1955, July 'Large-scale production of high-specific-activity cobalt-60 
begun at AEC's Savannah River Plant 

• 

• 

• 
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1955, Nov. AEC withdraws, fromprocessi,ng and distrihll.tion ot cyclotron ... 
produced isotopes, 

1956, Feb. Generally licensed quantities of radioisotopes increased, 

1956, Aug. 

1958, Mar. 

1958, Apr. 

1958, Aug. 

1958, Oct. 

1959, Jan. 

1959, Aug. 

1960, May 

'permitting wider 'use and interchange of small samples 
without an application; simplification of international 
distribution of radioisotopes permitting U. S. licensees to 
export radioisotopes of elements with atomj.c numbers :3 tc;> 83 

Sale of enriched stable isotopes approved, by AEC, 

Records relating to radioisotope licenses made pub1ic)..y' , 
available in AECfs Public Document Room 

Coba1t-60 encapsulation services'turned over byAEC to 
private enterprise 

Fission-product cerium-144 reduced by AEC to $l.bO/c~ie, 
for ordersof 100 ki10curies or more 

KilocurieFission Product Separation Plant started operation 
at OalC,RidgeNational Laboratory 

Isotope Development .Program initiated for "encouraging 
the growth and development of radioisotope 'and radiation 
uses in industry" 

Division of Isotopes Development Advisory Committee on, 
Radioisotopes and Radiation formed 

Routine availability of calcium-47 announced 

AEC withdraws from sale of polonium-210 sourqes of less 
than 20 curies 

1960, July A,EC discontinues providing standard 'reactor-irradiated 
units 

'1961, Jan. 

1961,' May 

AEC reaffirms policy of withdr~wal from neutron irradiation 
service 

Abbott Laboratories announces, availability for first time 
of io~ine-131 from private manufacturer 

Electromagnetic separations facilities at Oak Ridge' 
National Laboratory expanded from 4 to 28 calutrons 

Cobalt-60 metal sour<:!es become available from'private 
industry; AEClimits supply from Commission facilities to 
orders oflOO kilocuriesor more; large-order price reduced 
to $1.OO/curie for specific activities less than 30 curies 
per gram 



1961, June Completion by Oak Ridge National Laboratory of first large 
fission-product source for use in thermoelectric generator--
17kilocuries of SrTi03, 110 thermal watts; later placed 
in generator developed by Martin Company to power an 
unmanned arctic weather station for the U. S. Weather 
Bureau 

1961, July AEC terminates its radioisotope discount program in medi­
cine, agriculture, and biology research 

1961, Aug. Routine availability of iodine-125 ,announced 

1961, Nov. AEC withdraws Mound Laboratory asa supplier of p1utonium­
beryllium neutron sources 

1961,(early) First private production and marketing of Co60 (GE and 
Westinghouse) 

1962,(ear1y) First private production and marketing of short-lived 
isotope (Isoserve, Inc.) 

1962, Mar. 

1962 

1962, Mar. 

1962, May 

1961-1962 

AEC withdraws from neutron activation analysis service in 
favor of industry 

High Intensity Radiation Development Laboratory to generate 
the engineering design and operational knowledge essential 
to expansion of'the potentials of process radiation com­
pleted at Brookhaven National Laboratory 

Fission-product cesium-137 reduced by AEC to $0.50/curie 
for 'orders of 100 ki10curies or more 

AEC makes up to 10 grams americium-241 and neptunium-237 
available to industrial licensees 

Fission-product strontium-90 reduced by AEC to $0.75/curie 
for orders greater than 30,000 curies 

Completion by Oak Ridge National Laboratory of first large 
gamma-ray (cesium-137) source for thermoelectric generator7-
27 kilocuries cesium borosilicate, 125 thermal watts; later 
inserted in generator by Royal Research Corporation for 
operation of a deep-sea seismograph station for Lamont 
Geological Observatory 

Fabrication of a series of SNAP sources for Navy naviga­
tional beacon, Coast Guard buoy, Navy Antarctic weather' . 
station, and unmanned Navy floating weather station; 
sources by Oak Ridge National Laboratory, generator 'assembly 
by Martin Company; 31-225 kilocuries SrTi03, 195-1400 thermal 
watts 

• 

• 

• 
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·.i962, Sept. First AEClicense to industry for land disposal of by­
product wastes 

1992, Oct. 

. 1962,. Dec. 

1963, Jan. 

1959-1962 

1962-1963 

AEC withdraws from fabrication and sale ofpoloriium-210 
sources of less than one kilocurie for priyate use . 

Development of Cs137_Li silicate glass at Oak Ridge 
National Laboratory for Brookhaven large-scale research 
gamma- irradiator .. 

."First strontium-90 fuel source processed by private ' 
··'industry 

Price reduction for cobalt.-60 in the high-curie~supply 
~rea; aimed at encouraging greater commercial reprocessing 
and distribution . 

AEC withdraws from.providingiridium-192 (solutions and 
sealed sources) due to industry capability 

AEC Division of Isotopes DeveloJ?Rl:ent ,arranged .and partici­
·pated in 29 isotope symposia thro}ilshout the country to 
encourage industrial use of isotope.s 

AEC relinquishes certain of its regulatory.authority,to states 
of Kentucky, California, Mississippi,New York,. ~exas, and' 
Arkansas; . 

1963, Aug .. ' AEC withdraws from ,by-product waste disposal for licensees 

'J" 
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PRACTICAL THICKNESS LIMITS ' 

FOR ISOTOPE RADIOGRAPHY 

RADIO- STEEL EOUIVALENT 
ISOTOPES THICKNESS IN INCHES 

MIN. MAX. 

Co 60 1 '12 8 
Csl37 3 3/4 4 

Ir 192 114 3 

Tm HO 1,;.0 3/8 
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The following review article, an official report of the status of' 

u.s. Atomic Energy Commission research and development activities, is 

presented as written for oral presentation at the Fifth Japan Conference 

on Radioisotopes, Tokyo, Japan,May' 21-23,. 1963. 

STATUS OF THE UNITED STATES PROGRAM 

ON ISOTOPES AND RADIATION DEVELOPMENT 

E. E. Fowler and P. C. Aebersold 
. Division, of Isotopes Development 

United States Atomic Energy Commission 
Washington, D. C. 

INTRODUCTION 

Major technological advances are being made in the United States 

to extend and accelerate the beneficial applications of radioisotopes 

and radiation. The governmentUs program j carried out by the Atomic 

Energy CommisSion, is contributing importantly to the overall progress 

in the United States on the development of radioisotopes and radiation 

technology. The AEC program is directed toward (1) advancing radio-

isotopes and radiation technology to encourage development of 

beneficial applications, particularly those to meet problems of 

urgent public interest, (2) accelerating realization of the potential 

contribution of radioisotopes and radiation applications to the 

national economy and welfare, and (3) providing an important contribution 

to world development in the peaceful uses of atomic energy • 

To be presented at the Fifth Japan Conference on RadiOisotopes, Tokyo, 
Japan, May 21-23, 19630 Note: This paper is for publication; it will 
be excerpted for oral delivery. 
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These objectives are being achieved through a multiphase research 

and development program including the following major elements: 

1. Radioisotope and Fission Product Production and Separations 

Technology fulfills the Atomic Energy Commission's respon­
e. 

sibility for Insuring the availability of radioisotopes 

an~ radiation sources to meet the changing needs of advancing 

science and technology in the United States. 

2. Isotopic Power Fuels DevelgPment is directed to the develop-

ment and production of -isotopic fuels and fuel forms fo:r a 

broad spectrum of thermal applications, including the SNAP 

auxiliary electrical power devices. 

3. Process Radiation DevelOpment fosters development of a broad 

technology leading to productive use of megacurie quantities 

of fission products and other radioisotopes for process 

radiation purposes. 

4. Radiation Pasteurization of Foods involves the development 

of technology for low-dose radiation processing of certain 

fruit and fishery products to extend their refrigerated 

shelf-life. 

5. RadiOisotope Technology Development creates a broad base of 

new and improved technology required for extending and 

speeding up the application of radioisotopes in science 

and technology. 

The progress and scope of activities in each of these areas over 

the last year have been impressive. 

• 

• 

• 



'. 

, "~ , 

, .. ' • 

'. 
1!1 • 

,;' i' 

I ' 

In th~ 'pro~uction of radioisotopes, advances continue to be made 
",'" 

thr:~ugh development of processes for ,'producing new isotopes and chem!­

, 'c~l' fofms, as well as h.igh radiochemfcally pure materials to meet the 

!leeds, of science and tech~ology in the United States. We are now rou-

tinely producing,multimegacurie quantities of Cobalt' 60, Strontium 90, 

and Cesium 137 for process radiation application developments and for 

~useas thermal" sources for' devices to power automatic weather stations, 

1 ight buoys, seismographic unies, and :underseas electr'onic equipmeJlt. , . .. . . '. ' 

During the p~s't' ~ear 'the world "s~ largest ,single Cobalt 60 source, 

approximately.1. ~4 million curies", was produced at the Atomic Energy 

Commission" s Savannah R,iver production site and delivered to the U. S. 

,Ar.my Rad:iation, Laboratox:y at N~tick,l1assachusetts. Included. in our 

,curren,t iarge-source production effort are 120,000 curies of Cobalt 60 

for the Japan Atomic Energy Research Institute. The requirement for 

reliable, long-term auxiliary electric power in the national space pro-

gram has resulted in a ~tepped-up'4evelopment effort in the 

,production of large quantities of previous.1y scarce radioisotopes such 

as ,Plutonium 238., Curium 242, and Cur.ium 244. .Theseradioi'sotope power 

sources are planned for use 'i.n lunar scielltiflc probes, communi-

cations, and meteorological satellites ~,' 

In the United State's an estim~ted 50 kilowatts of' installed radia-

tion. power is now being used for, cQ11l1Dercial .process radiation purposes . 

. ,The value of .;p~oductiol) 'is es't1mat~d at 2q milliqn dollars annually. 

We have witnessed the emergence 'on::the c,ommercial market of new radiati<?n-
, , ' 

producedproduets;whic:h' can ·.eitherbe: produced better< by radiation, or " 
. .' -. , . . 

• ~.' ; j " ",! . 

.' 
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which ,cannot be made readily by other means. The first industrial use 

of radiation for bulk chemical manufacture in the United States is now 

being carried out by the Dow Chemical Company. This involves the com-

me'rcial-scale production of ethyl bromide~ using Cobalt 60 as the source 

of radiation energy. Significant advances made in the Commission's proc-

ess radi~ti.on development program range from radiation polymerization of 

wood impregnated with monomer materials to form "wood-plastic alloys'" to 

the discovery of a new reaction mechanism for formation of hydrazine by 

'irradiation 'of gaseous ammonia. 

Significanc achievements have been made in developing the technology 

<for radiation pasteurizB:tioQ of foods, including precessing conditions 

needed to insure the retention of freshness and nutritional 

values · In addition, preliminary mar-

keting and economic studies ate being made in anticipation of the 

ultimate commercialization of the process. 

In the area of radioisotope technology~ 

advances range from developments leading to an ocean-bottom sediment 

density meter to an activation analysis technique for analyzing the sur-

face of the moon. A significant.new development is a portable 

beta-excited X-ray system which uses a Promethium 147 radioisotope source 

and film developing unit so compact that both can be held in one hand. 

Neutron activation analytic ,techniques have been greatly expanded in 
. , 

range of application from identification of manufactured materials, such 

as plastics, to scientific, crime detection. 

The Atomic Energy Commission's research and development work on iso­

topes and radiation is managed by its 'Division of. Isotopes Development 

•• 
." 
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and carried out in the AECls National Laboratories and with private 

re$earch laborato;ries. Appendix 1 identifies rad1Qisotopes and radia­

tion research and development projects llC?W being carrieQ.-,out for the 

Atomic Energy Commission by private research groups. 

Radioisotope and Fission Product Production and See:rationsTechnology 

In certain respects, the Atomic Energy Commissiori'swork 'on radio- . 

isotopes and fission product production and materials development is 

probably one of its most important activities. This is based on the 

fact that all its radioisotopes and radiation technology d~velopment 

effort must ultimately be based on a cont:iJluing availability 'of suital;>le 

radioactive materials in adequate quantities and at a,reasonable price • 

The changing needs of science and technology have, presented a con-. 

tinuing challenge to our radioisotopes production program. Today 137 

individual radioisotopes are routinely available from the Atomic 'Energy 

Com;mission. On almost a day-to ... day basif;3 efforts are d,irected toward 

development of new radioisotopes and radiation sources ,as well as 

toward improved production processes for existing radioisotopes'. 

Improved production is particularly important because many recent 

industrial and medical applications require ever increasing quantities 

of radioactive materials. For example, as of January 1,1963, Oak Ridge 

National Laboratory had produced and distriputed about 2,1 million curies 

of radioactive materials during the entire 16 yearp of the radioi~otopes' 

distribution programo However, almost half of this amount or about one-million 

curies was distributed during just the past two years. This substantial 
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• growth in the demand for radioactive materials and associated 

services, and equipment has also led to the development of a subs tan-

tia1 private radioisotopes business in the United States. The market 

for modified isotope Broducts and devices in'1962 was in the 

'$27- 34;000,000 range. The following is a break-down according to 

product areas: 

current sales of labeled organic compounds are $3 - 4,000,000 

per year. Growth rate is at a level of approximately 10 - 15% 

per year. 

current sales for radiopharmaceuticals are at a $5,000,000 

level. Growth rate is at a level of approximately 25% per 

year. 

sales of teletherapy units have reached the $2 - 3,000,000 • per year level. Seven U. S. manufacturers produced these 

devices. ' 

the market for radiographic equipment and commercial irra-

diation services has reached the $15 - 20,000,000 per year 

level. 

Several developments in the area of new radioisotopes production 

'should be mentioned. One'of the most promising is the use of enriched 

,targets in radioisotope production. For example, Hafnium 175, a low-

energy gamma emitter with a 70 day half-life was produced by the' 
, , . 

reactor irradiation of a Hafnium 174 target enriched to 7.85% Hafnium 174. 

Similarly, Gei:r.~;:~.-~ium 71 was produced through the irradiation of 86% 

enriched Germanium 70. Tin 119m was made by the irradiation of a tar-
.. ' • get enriched in Tin 118. 

/{1 _ 
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Another area is the development of X-ray and bremsst:r:ah~ 

lung radiation sources, tailor-made to emit a,specific energy X-ray for 

a specific purpose. We have prepared Promethium 147 ,pellets encapsulated 

in, alumi'num to form'sources of low 'energy X-rays. Beta emission from' 

the decay of Promethium 147 pro4uces its characteristic 38 Kev K X-ray 

as secon9-ary radiation. In the same manner, the characteristic 30 ,Kev ' 

X-ray of antimony can be produced by pressing a mixture of antimony 

metal and promethium oxide into a pellet. Promethium 147 bremsstrahlung 

s,ources have also been fabricated with platinum sponge and tungsten car- , 

bide. Three-hundred millicuries of Promethium 147 absorbed on Decalso 

and mixed with 1 gram of platinum gave 1.7' x 108 ,:photons' pe'rminute of 

the characteristic 67 Kev platinum X-ray. The s~e quantity of 
, , 

Promethium 147 absorbed on Decalso and mixed with two grams :'of' tung'sten 
" 8 . , ' 

carbide emits 1.7 x 10 photons per minute of the characteristic 59 Kev, 

tungsten X-ray. 

Substantial progress is also being _de in,tecllIliq~es fo;,. t,he. prepara,- , 

tion of isotopically enriched materials.' Fo~ example, 

we ~xpect soOn to be prepared to offer Krypton 85 enriched 

up to as much as 50%. 

Another potentially valuable development we are actively following 

is the use of Iodine 125 sources for medical and industrial X-ray radi-

ography • 
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During the past year, Oak Ridge National Laboratory has been inten­

sively studying the preparation and encapsulation of Iodine 125 X-ray 

sources. At first, the compound used was silver iodide. The source was 

prepared by precipitating silver iodide with the minimum iodide carrier 

added, and then centrifuging and drying the precipitate. The precipitate 

containing 2 curies of Iodine was encapsulated in stainless steel· 

having a 2.5.,.mm inner diameter and a I-mil-thick window. Evaluation of 

the use of Iodine as medical radiography source has been made at the 

Ohio State University. 

It was determined, as a result of the evaluation, that the efficiency 

of the emission was decreased because of the high K absorption edge of 

silver for the characteristic Iodine 125 gamma photon. To improve the 

output, sodium iodide was used as the compound for a second source which 

is now being evaluated. 

O&k Ridge National Laboratory has also investigated plating Iodine 125 

on platinum, silver, and palladium by chemical reaction. Only limited 

deposition of iodine was obtained. Also, the deposited activity rubbed 

off easily <;ind could be released upon heating. We are therefore presently 

examining absorption of Iodine 125 vapor on a tiny porous carbon plug 

and encapsulating it in stainless steel with an electroplated nickel end 

window 1 mil thick. 

Proceeding apace with Iodine 125 source fabrication is the develop­

ment of improved production techniques to reduce cost. Oak Ridge National 

Laboratory is now preparing to produce enriched 

• 

• 
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Xenon 124 target materials in order to increase Y1e~ds, and is 

examining,the installation of a loop in the Oak Ridge Research 

Reactor for continuous production of Iodine 125. 

Isotopic Power Fuels Development 

A most exciting new ~rea of radioisotopes application is based 

on the liberation of thermal energy during radioisotope decay. TQ.is 

has led to the development of small nuclear power supplies j which der;t.ve 

their energy from radioisotope decay, for use in locations' and under 

environments where more conventional sources of electric power are 

unsatisfactory. 

IsotopiC power systems, or SNAP devices ~s they are called, ~re 

now being used to power navigational satellites in space,' remote auto~ 

matic weather stations near both the North and South Poles, arid naVigational 

buoys and underseas electronic equipment 0 Other SNAP devices, will probably 

soon power barge-mounted automatic weather station$, lunar scientific 

probes, communications and meteorological satellites, arid a host of 

additional terrestrial, marine, and space systems. 

Present indications are that by 1970'tpany electrical kilowatts of 

radioisotope power will be required annual~o Consequently, the Atomic 

Energy Commission program has as its ultimat~ objective the yearly 

production of perhaps as w~chas 1,000 thermal kilowatts of radioisotope 

materials~ Tables I and II identify present and planned production goals • 



The incredibly large quantities of radioactive materials, possess-

ing appropriate characteristics," which will be required to sarisfy 

isotopic power needs ~e posed the most severe challenge to the AEC's 

materials development and production activity since its inception in 

1946. 

Two major categories of radioisot~pes are being considered as heat 

sources: the beta-emitting fission products separated from gross radio-

active wastes generated in the nuclear fission process, and certain very 

energetic alpha emitters. 

It is important 

to note that several hundred individually identifiable isotopes are pro-

duced by nuclear fission but only a relatively few have characteristics 

suitable for thermal application. These characteristics are: 

1. A reasonably long half-life. 

2. A high enough yield in the fission process to make substantial 

quantities available at reasonable cost. 

3. A capability of being formed intohigh-power-density heat sources. 

4. A decay which ideally does not involve the emission of high-

energy gamma rays. 

In the f&mi1iar double-humped yield curve for the thermal fiszio4 

of UraniUill 235", the peak occu-,:s at mass numbers of roughly 90 a;-~';' :.40 

and isotopes in yields of around 5% will be found in the vic~~i~y of 
these numbers. Thus, Strontium 90, Cesium 137, Cerium 144 ana Promethi~. 

are the only radioactive fission products with half-lives grea.ter than 

six months and less than 100 years that are of interest to us. 

. . ., 
......,. I 
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,The potential alpha emitters, which are produced by specific reactor 

irradiation, must be selected on the basis of the same general criteria 

(except fission yield) as the fission products. 

"'Stio'(:tS"tha-t nly Polonium 210, 'Plutonium 238, Curium ,242, and CuriUm 244 
",-

'. will meet these criteria.' The quantities of these materials which can 

be produced are, of course, limited only by the availability of target 
, . 

materials, reactor space, and chemical processing facilities. 

In almost every instance the elemental forms of the radioisotopes 

are not consider~d the most desirable for heat sources. Rather, they 
,.tI':()"A 

are ~\into compounds exhibiting physical a~d chemical properties 

required for particular application. Ordinarily, it is desirable to con­

centrate as much radioactivity as possibie in a given vOlUme.~~us an 

important criterion in evaluating the usefulness of an, isotope compound 

'oJill be its npower density" expressed in units of "latts/cc. This unit 

in turn is the product of·the specific power in watts/g, and the material 

density in grams/cc. 

The radioisotopes of interest are summarized in Table III. 

The chemical form of the radioisotope must possess other desirable 

properties if it is to be useful for thermal source applications. Cer .. 

tainly, its melting point s'hou1d be higher than the maximum temperature 

it will experience in an operational situation. It should be chemically 

inert with respect to the materials used to encapsula'te it. It should 

be stable at the expected operating temperatures and not decompose or 

s'vell in an unusual fashion. Its thermal conductivity should be high 

enough to permit escape of the heat generated without undue temperature 
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differentials through the compound. It should be relatively insoluble in 

naturally occurring fluids, such as sea water and fresh water if it is to 

be employed for terrestrial and marine applications; and it should be of 

a form which is readily dispersible upon re-entry heating if it is employed 

in space missions. Lastly, it must be a compound or mixture which is 

readily fabricable by remote techniques in a hot cell. 

This discussion of criteriGi used in the selection of appropriate 

radioactive materials for thermal applications provides some idea of the 

constraints placed upon the Atomic Energy Commission both in materials 

development and in production. 

Today the Atomic Energy Commission's Hanford Atomic Products Operation 

is the only source for fission products in the United States. Until reprocess­

ing plants are built specifically for handling power reactor fuel elements, 

Hanford will probably remain the only source. Several years ago, when the 

need for large quantities of separated fission products was recognized, 

interim facilities for the separation of the four principal fission pro-

ducts (Strontium 90, Cesium 137, Cerium 144, and Promethium 147), were 

installed at Hanford. These crude cuts are then shipped to Oak Ridge National 

Laboratory and the Martin Company facility at Quehanna, Pennsylvania? for 

further purification, processing, and encapsulation. This interim arrange~ 

ment, nevertheless 

• 
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gives us an annual capability for 

final product. At Hanford a new concept 

has been proposed. It would insure 

multimegacurie quantities of 

radioactive waste management 

continuing availability of greatly 

increased quantities of the four fission products. These isotopeq 

would be removed from the gross fission product stream and the remaining 

wastes would be solidified in storage tanks by evaporation. The separate~ 

long-lived fission .products could then either be purified and processed 

for beneficial utilization Or absorbed on an ~norganic ion exchange 

material and sealed in stainless steel cans for permanent storage. Such 

a plan would alleviate present difficulties resulting from self-heating 

wastes in storage ,caused by the long-lived fission products. 

Hanford also now is studying the design of a fully integrated fission 

products processing, fabrication, and encapsulating facility. Such a 

facility could convert and package for utilization all the Strontium 90, 

Cesium ,Cerium 144, and Promethium 147 generated in the operation of 

the Hanford reactors. The design study is not complete, but preliminary 

data indicate that we can make available, annually, well over one-hundred 

million curies of packaged fission products. at only a fraction of today's' 

costs. 

In addition to efforts in improving and optimizing fission products 

production, emphasis is also being placed on the development 

of improved materials. For example, while strontium titanate is an ex­

cellent material for terrestrial and marine applications,it does not 

have the appropriate characteristics for spaGe applications. Research 



~"t.t~c'-c.. 
'd 1 'k i . J h . f S 90 ana eve opment wor S~dJ;;1i prog'r~'8'" on t e preparatl.on 0 a trontium 

fuel fo~for future space use. The program is expected to yield a form 

of strontium that will not only meet the rigid safety requirements set 

for space nuclear systems but will possess a significantly higher power 
6-\,"- ~ 

density than strontium titanate. This latter characteristic iSA!b~olut~ 
fl,CL··'..A.~ 

~ for those applications where maximum power to weight;.is essential. 
, I 

Efforts are continuing apace in the development of improved fuel forms 

for Cesium 137 and Cerium 144. The presently accepted product for 

Cerium 144, eerie oxide, ~hile possessing very high power densities and 

temperature stability, liberates oxygen on radioactive decay. This poses 

problems in'the design of appropriate encapsulated thermal sources. We 

have, therefore, a continuing program aimed at the development of 

appropriate oxygen-free forms of Cerium 144. 
Q. _ b~'-l~ ~C l).~1.1{ 

c.On~~he-moK te~1Qal:l:)' challenging effortDis the development of 

technology leading to the production of large quantities of Curium 242. 
c.) , • 

, /'"{\ t;A- ~,'('\\."t.-l~1."...~/\ t:\.",\.. \.", -
Produced ~tbe p~e'gen,t in only fraet;to~Hm1to-gram quantities for 

research purposes, Curium 242 has been selected as the isotopic fuel for 

auxiliary power in the Surveyor spacecraft because of its very high power 

density and easily shielded radiations. The Surveyor mission, designed 

to land instruments on the moon's surface in support of the Apollo pro-

gram, will require tens of grams of the Curium 242 fuel annually. 

Oak Ridge National Laboratory, responsible for the effort, is now com-

pleting the installation of facilities for 'the production of Americium 241 

targets, the solvent extraction separation of Americium 241 - Curium 242 

fraction from the fission products)and • the fabrication of thermal 

sources. Americium 241 will be pelletized, encapsulated, and irradiated 

• 
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in a high-flux reactor such as the Oak Ridge Research Reactor or the 

Materials Testing at the National Reactor Testing 

Station in Idaho. The irradiated material will be dissolved and the' 

fission products removed by solvent extraction, but the Americium 241 

1;Ji~l probably not be separ~ted from the Curium 242. The final sQlution '(JF~/ 
-\» ' . 1.AAQJ? ~ -' 
1:s' further processed into a Curium 242 oxide;which i::s calcined, pel-

letized, sintered, doubly encapsulated, welded>and leak checked. ~ 

""±'S'--a .. tJ,d.~ ~efirst substantial quantities of material will J>"~I" 
be produced this year with our production capability rising by 1964 t~ 

at least 80 grams annually~ 

The technology' being ,developed under 

.-appi~eabi14ti to the production of Curium 

interesting as an auxiliary electrical power source for aerospace appli-

cations. Again, large-scale production represents a truly pioneering 

effort. The objective~ of the Curium 244 production program are the 

development of chemical processes for recovering and'purifying a Cm-Am 

mixture from ir~adiated plutonium targets, the developm~ntof. the optimum 

Curium 24,4 source ,compound or mixture for specific objectives, and the 

determination of the characteristics of Curium 244 thermal sources. 
C ";'/~' . 

. 1~\.:' " 

Although c~emically identical with Curiwn 242, t:he processing and. utili-

zation ~~ present unique problems because of diff~rences in 

fe~d material·composit'ion and specific power generation. Applications of 

C':.:;.rium 244 may req~ire its ,separation from americ;J.um, which is not neces-

Sii..ry in the ca,se of Curium 242, in order to achieve the required power 

cL:::lsity. Source compounds and mixtures of Curium. 244 will, have different 

requirements from ,those of Curium 242 for thermal conductivity, radiation 

e., .. issions, size, shape; and encapsulation. 



~r ~th Polonium 210 and Plutonium 238~ have been routinely 
) .. .1>. .,J-¢- t,· .;;;.; . 

producing and utilizi-ftg the metal for thermal applications. However, 

the trend in SNAP application is towardrhigher efficiency direct 

energy conversion systems requiring isotope sources capable of operating 

at greatly elevated temperatures. Consequently, . our research has been 
, '*~ 

.. directed towardt ~ develoP~~1 a> high temperature-low vapor pressure 

compounds of polon~um and. plutonium and toward~welding techniques and 

materials of encapsulation for high-temperature containment. Although 

our resul ts are not ss yet conclusive, the family of rare earth polonium 

compounds looks most promising,as do. some of the ceramic fo~s of 

Plutonium 238. 

C\\ S.;:.fGty Testing J 
. ~'-'-

~ The remaining major program activity associated with the Atomic 

Energy Commission radioisotope production efforts relates to safety 
...", w tJ ( 

~~sting of sealed radioisotope sources. The purpose of the program w 

':';:;:;', provide a fund of information which can be used by source 'manu-

facturers. users~and regulatory bodies to help maintain the present high 
I 

st~ndards of safety in radioisotope applications. 

The first objective in the program'is to develop a uniform source-

~~~csifica~~on system based on the mecha.?~Cal.~nd~enVironmental integrity 
~.t...,,,,,tt. lh...a· . 

of the source. A uniform system wil~~able eur regulatory groups ~ 
I ~ ~. 

't'h~-'''U:ni:~e~ ~ consistent methods 4f defining source character-

istics,~~~~~~ The classes will be. defined wherever 

possible in terms of numerical values (i.e. impact strength, tensile 

~trength) corrosion rate, etc.) to minimize misinterpretation. 

• 
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When strength and corrosion values for the various classes of sources 

are established, standard tests will be developed that can be used to 

determine the class in which a source belongs. At the same time,'. simple 

quality control tests will be developed that can be used by manufacturers 

to measure their product t s quality against:the requir~mehts of th~ source 

class. 

The third objective of the program is to develop a 'ratin~ system 

that can be used by both manufacturers and regulatory groups t'O de,tennine 

the classes of sources required for particular appliGations., The system 

will be ba'sed on data obtained by testing a variety of sources now in use 

that have demonstrated their reliability from a safety standpoint, . Qn 

experience gained in developing classification and quality control tests, 
. , .' . 

and on results of a survey of environmental conditions existing in various 

types of source,applications. 
, ' 

The survey of 'environmental conditions has reGently been Gompleted 

by Battelle Memorial Institute under contract to the Atomic 'Energy 

Commission. The source classification system should be .available'by the 

end of this year. 

In tne interim, d~tailed testing of commercially available sources 

is proceeding at OakRidge National Laboratory. Work is expected' to 

start in 1964 on standardizing quality control tests along lines compatible 

with the classification system and tests. By 1965 ~ufficient data should be 

available to b.egin work on the development of a sealed SOlJrce rating system • 



Another aspect of our safety program is the test evaluation of radio­

isotope shipping casks and medical teletherapy units to ensure that they 

adequately' meet existing and planned safety criteri~. Many drop tests 

have been conducted during the past year to test the structural integrity 

of a .broad range of shipping casks. The casks are dropped on a pad which 

consists of a 12 by 12-foot p(iece of steel armor pl,ate 4.5-inches thick, 

backed up by a 5-foot thick slab of reinforced concrete. Beiow this pad 

is a 3-foot diameter reinforced column reaching down 10 feet into bedrock. 

Each cask is instrumented with acceleraometers, strain gauges, ~nd 

compressometers to measure inner wall deflections. Some of the casks are' 

covered with brittle lacquer material to determine the are~s of high stress. 

Casks have been dropped horizontally, on end, on a corner, and on 

pistons. Results indicate the casks will meet free fall safety require­

ments, althougp there is some doubt whether the outer shells of cas~s 

weighing more than six tons can resist penetration by a 6-inch diameter 

piston. 

Similarly, we are fire testing both shipping casks and shielding 

devices such as medical teletherapy heads to determine if they meet the 

standard one hour fire requirement as established by the National Fire 

Protection Association. 

Process Radiation Development 

Contrasted to the United States' slow progress during the past 

decade toward in~ustrial utilization of radiation for manufacture 

• 
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'of chemicals and chemical products, we are today witnessing new gains, 

new interests> and new effort in developing ionizing radiation for process 

purposes. 

An estimated 50 kilowatts of installed radiation power is now being 

used for commercial radiation purposes. We are witnessing the emergence 

on the commercial market of new radiation 9 produced products. The first 

industrial use of radiation for bulk che.mical manufaeture in the United 

States is now being carried out by the Dow Chemical Company •. This , 

involves the commercial-scale production of ethyl bromide, 'using 
" 

Cobalt 60 as the source of radiation energy. Other products in,clude 

radiation-crosslinked polyethylene wrap and insulation, radiation-induced 

graft polymers, radiation-cured industrial coating, radiation~modified 

semiconductors, and radiation-sterilized medical' supplies. Estimates 

place the commercial process radiation business at 20' ~illion dollars 

a year. Listed in Tables IV and V are radiation-processed products now 

being manufactured in the United States or planned for pro<;!uction. 

In the United States today, the governmen~ through the Process 

Radiation Development Program of the Atomic Energy Commission, is attempt-

ing to provide a productive, balanced effort on radiation processing in 

concert with that of private industry. The AEC'·s process radiation devel-

opment program is designed and directed toward:· 

. 1. Seeking original radiation reactions, thereby establishing a 

substantial scientific foundation leading ultimately to pro-

duction of unique radiation products • 



2; Establishing the technical feasibility of specific process 

radiation systems. 

3. Learning to design, construct, and operate large kilowatt 

radiation processing facil~ties. 

4. Finding ways of cutting radiation costs. 

5. Developing large-scale requirements for fission products and 

othe; radioisotopes in the process radiation field. 

The major areas of program work include: 

1. Radiation EnSineering - These are studies devoted to problems 

of radiation source and facility design, ..,fabrication, a~d con­

struction necessary for the support of general and specific 

radiation processes. 

2. Exploratory Processing·Systems - These are studies which are 

conducted on an exploratory or "scouting" basis with the most 

promising systems being developed to the point of demonstrating 

technical feasibility. 

3. Advanced Development Systems - These are engineering scale-up' 

projects designed to establish economic feasibility of those 

processes which show the greatest and mO.st immediate commercial 

promise. 

4. Dosimetr:y - This comprises studies necessary to provide dosimetric 

systems for eventual ~se in a radiation process. These systems 

Can be considered primarily in terms of quality control. 

During the past year the Atomic Energy Commission has completed and 

~:&ced into operational use its.Radiation Development Center at Brookhaven 

~\.:.~ional Laboratory. This ne~ Laboratory is one of the wQrld's most 

• 
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• versaiile and unique radiation facilities. It w~ll serve as the center 

for government work on process radiation engineering, the science'of 

handling and using large radiation sources for processing purposes. 

The laboratory is a unique canal-cell complex. It consists of a 
.~ 

~:J?reparation cell for building large radiation sources into desired c,on-

figurations and an experimental cell which will permit mock-up of 

process systems to investigate such p~oblemsas source geometry, radia-

tion dose distribution» and process radiation utilization efficiencies. 

The Radiation ,Development Center will be capable of handling several 

'million curies of Cobalt 60 or its equivalent. 'By this summer it is 

expected that 600, kilocuries of Cobalt 60 will'be assembled and installed 

in the Center' for use. We plan to increase the size of 'the 

• Cobalt 60 source up to 3 million curies. We are als,o completing fabrica-

tion of a 200 ki~ocurie Cesium 137 source which will be installed in the 

Radiation Development Center. As work progressesJother radioisotopes, 

fission products) and machine radiation sources will be studied and com-

pared. 

Research in the Radiation Development Center is 

intended to provide data leading to a radiation engineering handbook. 

This .handbook will be published in its first edition form by 1964,. 

It will contain information on basic radiation physics, source 

design and fabric'ation, computational procedures, safety aspects, health 

physics, shielding compilations, and economic guidelines • 

. Our :purpose:'is .to encourage use of the Radiation Development 

Center to provide experience in radiation engineering problems, on a 

(} . 
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research participation basis, to govern~ent and industry scientists as 

well as scientists from other countries. 

T·he Radiation Development Center can thus 

serve as the major focal point for radiation devel'opment in the United 

States. 

Within the scope of this paper it is not practical to provide a 

comprehensivediscuss'ion of research and development being conducted 

under the Atomic Energy Commission's process radiation development pro-

gram.* Therefore, with the exception of brief identification of overall 

process work, discussion will be limited to' those process radiation 

systemsw;hic:~ nqw_appear ~ost :promi~in~ for ultimate 

development •. 

The overall research and development on process radiation includes 

the~ollowing projects: 

"l~ _' Studfes in radiation technology which consist of theo-

retical and experimental work on basic and applied radiation 

mechanisms to aid in the development of large-scale radiation 

chemical processe~. 

2·. .Studies on radiation chemical methods for the preparation ·;)f 

fluorinated organic compounds either as an. alternative to 

ciassical methods of synthesis, or of those compounds which 

are not conveniently prepared by conventional procedures. 

*Such a review is being presented at the·, Conference on "The Application 
of Large Radiation Sources in Industry," sponsored by the International 
Atomic Energy Agency in Salzburg, Austria, May 27-31, 1963. Copies of 
the review paper entitled "Technical Developments in USAEC Process 
Radiation Development Program," may be obtained upon request to the 
Division of Isotopes Development, U. S.Atomic Energy Commission, 
Washington 25, D. C., U.S.A. 

• 

• 

• 



• 3. Induced gelation involving the incorporation of multifunctional 

monomers into polymers for the purpose of (a) reducing the 

radiation dose required for attaining incipient gelation and 

high gel contents and (b) inducing the radiation crosslinking 

of polymers that normally are degraded upon irradiation. 

linking upgrades the properties of polymers by increasing the 

molecular weight (viscos1ty), melting tempera,ture>and tensile 

strength, ,while decreasing solubility and elongation. 

Cross-

4. Investigation of radiation-induced reactions in swollen polymers, 

I' ' ,natural and synthetic, to produce novel polymers which apparently 

• 

• 
(10 • 

cannot be produced by other means. 

5. ~ Development of technology leading to the prep~ration of novel 

,and useful polymers of controlled structure by radia,ti.on~ 

induced graft polymerization. T.he objective is to 

provide an understanding of the mechanisms involved in 

radiation-induced graft processes and 'to create specific poly-

meric structures of interest ·to commerce and unique materials 

for aerospace applications. 

6. Radiation-induced gas-phase reactions utilizing Kryptqn 85. 

7. Development of a chemical dosimetry system wherein rupture of 

the organo-metallic bond occurs proportionately to gamma dosage 

and a solar cell dosimeter f~r high-level d~simetry. 

,Several proc'ess radiation systems currently under advanted 

development within the Atomic Energy Commission program-are described be­

low in detail. 



Wood Plastic Combinations • 
Improvement of wood properties has been the objective of many 

diversified research programs totally apart from nuclear energy 

dev·elopment. Among the important areas of study are resistance 

to decay and insects, dimensional stability, and mechanical 

properties. By impregnating various woods with monomers and 

polymerizing using rad~ation, a wood-plastic combination results 
I 

that exhibits superior properties in these areas. 

The experimental work on radiation produced wood-plastic 

combinations includes: 

1.. Determination of the properties of various wood-plastic. 

combinations produced by radiation polymerization. • 2 •. Chemical studies to determine in situ polymeriza;' .. ion rates 

of various monomer systems, characterization of the f"·;.·lymer, 

and investigation of methods of accelerating the polyme~'iza-

tion to permit reduction of total radiation dose requirements. 

3. Development of data necessary to control the quantity o~ 

monomer absorbed by various wood species and examina.tior. of 

test specimens, to determine uniformity of polymer +oading. 

Radiation-produced wood-polymer combinations prepared from C1 variet: 

of woods and monomers exhibit increased compressive strength and hardnes~ 

White pine-polymethylmethacrylate, for example, which contains 0.6 part 

of polymer per part of base wood has a compressive strength at the pro-

portional limit about 40 per cent greateJ; than that of the UJlmociified 'Wood. 

• 
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'Although higher polymer loadings do not yield further increases in com-

pressivestrength, the hardness continues to increase with increasiog 

polymer ,content. A, loading of 1.55 parts of polymer yields a, pine 

product having a hardness (measured by ball penetration) 130 per cent 

, greater in the a~ial directio~, 4,50 per cent greater in the tangential 

direction" and SOO,per cent greater in the, radial direction than 

unm~dified white pine. A specimen containing 0.75 part I of polymethyl-

~thacrylate absorbed 40 grams of water ,when immersed for 20 days, 

while a control absorbed 110 grams,. ' 

B~rch and white oak combined with polymethylmethacrylate and poly­

vinylacetate were as much as 200 per cent harder than unmodified con­

trois, and compressive strength at the,proport.ional limit showed a marked 

increase. For example, white oak-polymethylmethact:ylate containing 0.25 

part/ polYJD8r was 501 stronger than the unmodified control. 

In general, wood-plastic combinations exhibit increased hardness 

and compression strengt~ and absorb water more slowly, thereby reducing 

, , '. changes in dimension due to varying environmental 'conditions., , 

_,- " 'I nc~r,poration of a rigid, unyielding material 

into the wood structure: can be eX,Iiec~,~--to increa.se 'briVtleness. 

Qualitative o~servation indicates ,that this is true in many of, the 

wood-plastic com~inations prepared,.' The testing program is 

being extended'to include measurement of this proper.ty. 

,The rat,es of radiation .polymerization of several mono~rs, impreg­

nated in wood have been measured,and the time required to effect complete 

polymeriz:-tion haa been determined in some cases. For., example I a dose 
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of 6 x 106 rads, applied at the rate of 1.3 x 105 rads/hr, was found to 

effect qomplete polymerization of m~thyl metharcylate in white pine. 

Various additives are being tested to decrease the total dose .require-· 

ments. Carbon tetrachloride allows a considerable decrease in dose when 

used at concentrat"ions of 10% in styrene and methyi methacrylate. Addi-· 

tives also receiving attention include ethylene glycol dtmethacrylatej 

polyethylene glycol dimethacrylate, tetraisopropyl titanateja.nd 

divinyl benzene. Density measurements provide a rapid and acc;urate method . 

for determining the concentration of polymer formed in the wood. The im-

pregnation conditions necessary to obtain desired· load~ngs of polymer in 

various wood species are being studied •. Reasonably good control can be 

obtained by properly specifying the vacuum pretreatment and tbelength.of 

soaking time 0 

Future work will include: 

1. Characterization of the p~sical properties of additional wood-

plastic combinations. The testing program .will be expanded to . 

include Sherr strength, static bending, toughness, and, if . 

possible, decay and insect resistance. 

2. Development of additional data on radiation polymerization rates 

of additives intended to decrease dose requirements. 

3. Specification of conditions necessary to effect the·desired 

extent of impregnation of selected species of wood. 

Kydrggenation of Coal 

Conversion of coal to gasoline and'oil products by an economically 

competitive process would open up a vast new market' for the C;oal 

• 
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industry. Technically, such conversion can be accomplished by hydrogena­

tion of coal. One way this is done involves coal extraction to obtain a 

meltable organic fraction (80-85% of coal), ·followed by hydrogenation 

over conventional .contact catalysts at high hydrogen pressure andele­

vated temperature, to'yield the oil products. 

A serious expe~se in the present technology ~s replenishment and 

regeneration of the contact catalysts used forhyd;rogenation. The cata­

lyst is inactivated by metallic ul'0isons" in the extract,and underso~e 

conditions by carbon laydown. Since radiation cannot be diminished by 

the above factors, radiation catalysis of the hydrogenation step provides 

sufficient merit to warrant specific inve.stigation. . Accordingly, a full 

research program has. been established. 

In this research a 9O-curie Sr90 source is use~ inside a 10,OOO-psi 

5000 C heavy steel-walled reaction vesf;lel. Pure beta-exnitting radioiso­

topes are preferred over gamma. emitters to obtain· go·odabsorption effi­

cie;ncy 1n the reaction vessel. The radiation squrce ~s specia.lly de- . 

signed.to withstand the conditions of elevated temperatures and pres­

sures in the reactor, to permit beta irradiation· of the reactants, and 

to avoid radiocontamination of products. This radiation processi~ unit 

is operated on batches,with the feed (usually melted extract-tetralin 

solutions) pumped into the reaction vessel, held at 5000 psi hydrogen 

pressure at 38o-43boc, followed by·drainage of the liquid products from 

the vessel. Appropriate· safety precautions such as the contaminant 

cell, barricades, and remote radiation monitoring. are used • 



66 

Ten radiation processing test runs have been completed so far, as 

have comparative nonradiative runs 0 The residence .time for the reac­

tions was 1 hr, with a dose' rate of 0098 Mrad/hr. Results on the coal 

extract from two runs appear in Table VI. 

The first row of data shows the conversion yields and hydrogena­

tion (7039% H in feed, raised· to 10037% in products) obtainable with a 

fresh contact catalyst.. The last column shows that hydrogen addition is 

less in runs with radiation than without any catalyst at allo This may 

be due in part to inefficient mixing with the radiation source in the 

vessel. ,In any case, hydrogen addition is not accelerated by radiation 

in all the runs made. Despite this, the yield of 'desirable oils ·in the 

boiling range 100 ... 4ooOQ, .is seen to be somewhat higher for the last radia­

tion run shown, than for the:.noncatalyzed; thermal reaction run.. The 

yield of 250-40ooc oil seems definitely highero Tentative explanations 

are that radiation may be promoting hydrogen transfer from the tetralin 

solvent, or radiation is promoting . selective "cracking"· of the extract 

to the 250",,40ooc oil without much hydrogenation.. The third set of data 

in Table VI shows that hydrogen gas saturation diminished the yield of 

250-4oooc oil, so that the yield in the last run may also be partially 

due to less inhibition of the cracking reaction by less hydrogen in solu­

tion. Results of radiation runs under the same conditions on the model 

aromatic compounds biphenyl and methylnaphthalene show no radiation­

induced hydrogenation in the liquid phase in excess of that obtained by 

thermal reaction at 429OC.. No tetralin was present in these runs. 

• 

• 

• 
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Liquid phase hydrogenation of pure aromatic model compounds is not 

.measurably promoted in excess of the thermal reaction at elevated 

temperatures.. Likewise~ hydrogen addition to coal extract is not pro-

moted by radiation alone.. Ho,..,ever, some increase in production of 

desirable oils from coal extract was observed when radiation ,-las used 

and when the reactants we~e not saturated '(-lith H2 gas., ·Since the lack' 

of dissolved H2 may also have affected this "cracking" oil yield favor­

ably, additional experiments are needed to isolate the effect of radia-

tion alone., ... Then"·a more e~ct_ .. _.', conclusion can be made about the 

specific benefit of radiation • 

Radiation runs on coal extract-tetralin solution, without hydrogen 

gas pressure, will be conducted to measure the effect of radiation alone 

on the H· transfer or cracking production of 250 - 400°C oil from the 

extract. This can be a very useful selective reaction which could be 

extended by increased dose if proved. Test runs with both radiation 

and disposable homogeneous or contact catalysts will also be . made.~ 

Transmutation Doping of Semi-Conductor Devices' 
- - '~ 

('""All se~i=~o~d~~~~-;'"d~~i-c~·~·~"-;'·g., tra-n-S-i-s-t-ors
t 

diodes, microelectronic 

circuits, consist of electronically active impurities (denoted N or P 

type, depending on whether they contribute Negative electrons or !ositive 

holes) deposited within a semi-conductor crystal in patterns of various 
., 

degrees of spatial complexity. The conventional fabrication processes 

diffuse these impurities into the crystal from the outside Q , 

In neutron transmutation doping these electronically active impurities 

are inserted into the semi-conductor c.rystal in a spatial pattern by means 

of neutron irradiation. A nuclear transmutation reaction occurs in 
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which. semi-conductor nucleus' (Germanium 70, for example) absorbs a 

neutron and is transmuted toanew nucleus.(e.g., Gallium '71, a :P type 

dopant in germanilDll) which is electronically active in the semi-conductor. " 

The spatial, pattern of ,this impurity deposition is controlled by com­

pletely,enclosing t.he semi-cond~ctor within a "radiation die." This 

"radiation die": is a thin box-like structure composed of thermal neutron 

absorbing material, e.g., boron or cadmium, with a pattern of slits to 

,permit neutrons to enter into the semi-conductor ~n a geometry determined, 

by the slit arrangement. The work on this proJect consis~s of the detailed 

development of the technology of the ,'neutron transmutation doping process, 

an experimental proo'f of the principle, and the application of this tech-

nology in semi-conductor device fabrication. ' 

The analyses performed to date i,ndicate that a variety of simple and 

complex device,S, including many with unusual performance characteristics, 

can be fabricated at reasonable cost 'by this process. These include 

diodes, transistors, microelectronic circuits, solar cells,;ap.d themo-

, electric elements. Doped configurations 'of, unusual and useful 

shapes can be produced, and 'wide barrier regions can be made'. 

The "radiation die" can be made at low cost and with con-

siderableflexibility when cadmium i,s used e Silicon carbide devices, 

which cannot be doped by conventional methodsjcan be prepared by neutron 

transmutation doping. 

Semi-conductor specimens are enclosed· in "radiation dies" with 

appropriate slit patterns. These assemblies are then "canned" and 

irradiated. The resistivities and ,other appropriate electrical character-

istics are measured before irradiat~on, and suitable surface treatment 

• 

• 
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'. 'f and passivation p'erformed. After irradiation, the specimens 

(for about t't..ro months) until their activation is negligible. 

They are then annealed to remove gamma radiation dosage effects. Disloca-

tion density is measuJ;ed by microscopic ~xamination of surface etching 
1 

~ .l effects, both before and after annealing. ~he specimens are then tested 
,I 

: for resistivity and for their device performance characteristics, to, 

determine '.' if ... _ '_ the predicted device performance can ,be ,obtained!': 

Devices to be fabrica~dd include diod~s, Qtransistors, solar 

cell elements, and microelectronic circuits of germanium and silicon. 

Analyses and calculations ~ve been performed to determine 

i.:h.:'! effects of Itradiation diett parameters, slit geometry, neutron flux 

l~vels, and reactor location parameters on the characteristics of the 

c,(!vice proGuced. Neutrop irradi~ti.on :will be carried (\ in the Oak 

,', ... dge Research React.or. \'Jork is 

:~ow in progress on the fabrication of the. "radiation dies, n the frradia-

tion assem~ly, and specimen preparation. 

The principal r~sults to date are-' 

1. Design data'~ been developed for predicting the device 

characteristics from the process parameters, e.g., "radiation 

die" and slit characteristics and neutron flux levels. , 
/v;JJ-G 

2. Data on fabrication methods. for the "radiation die" ~ been 

obtained. Both boron and cadmium can be suitably fabricated 

into "radiation dies" with the required characteristics. 

Cadmium is particularly convenient' since it is easy to 

fabricate, and its poorer epithermal'shielding character-

istics can be circumvented by appropriate design. 

i '\0.. __ ~_._ 
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3. Heat transfer experiments have shown that the semi-con4uctor 

t~mperature can be held be~ow 2500C during the irradiation 

process if the die holder and die are fabricated to close 

tolerances. Impurity diffusion is thereby avoided. 

The first specimens should be ready for irradiation soon. A 

number of experiments are planned for proof-of-principle, and to 

fabricate and test a number of progressively more complex devices 

(including test of their performance characteristics) in order to 

demonstrate this process's utility. 

Polymerization of Ethylene. During the past decade several 

studies have been made on the Cobalt 60 gamma-radiation-induced 

polymerization of ethylene. Because of the pot~ntial importance of 

a Cobalt 60 based process, additional work has been initiated to increase 

the knowledge of this system's behavior in a radiation field. 

The present research program is concerned with measurement of the 

reaction yield and rate of ethylene polymerization in a Cobalt 60 gamma 

field. These data were obtained by utilizing a continuous pressure record-

ing technique. The conditions under which the rate was measured varied 

in pressure from less than 68 to 680 atm, and in temperature from -78oC 
\ 

to 4o°c. Polymerization takes place in the liquid phase at -78°C at a 

very low rate. In the gas phase, at 200 to 40°C, a strong inhibition and 

retardation effect due to oxygen impurity was noted. The induction 

period as a function of oxygen concentration was dete~ined. The experi-

ments indicate that the effect of the presence of pol~r on the polymeri-

zation rate is smaller than the effect of oxygen and ethylene pressure. 

• 
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The differential G values based on monomers alone, were detennined, 
) .' ' 

and attempts were lDade at expressing these values as a function of 

ethylene pressure and radiation intensity. In the ~ange of 80 to 350 

atm and 21,000 to 132,000 rad/hr, the rate ~s proportional to the 0.93 

to 1.13 power of the pressure, and to the 0.33 to 0.46 power of the 

intensity in the fa~ling pressure period. At 133,000 rad/hr a minimum 

differential G value of 15,000 was obtained. At 21,000 rad/hr a.maxi­

,~value'Of 47,000 was reached. Additions of solid substrates of 

alumina and molecular sieves increase the G'value by a factor of 2.2 

to 2.5 ~nd the rate by a factor of 1.6 to 1.9, indicating a surface 

effect • 

All the polymer produced in this work by gas phase radlo1ysls 'was 

.. ' ~a fine white powder In the homogeneous exper~ents the 

entire, vessel was filled with polymer. The polymer could be removed 

from the vessel in a coherent mass and had various bulk densities depend-

ins on the percentage conversion. Under a microscope the polymer powder 

. showed agglomerates of submicron particles. 

Because of the varying pressures during the fOrMation of the mass, 

it is not possible to obtain a quantitative evaluation of the polymer 

as a function of pressure. However;, ~ qualitative effects can 

be obtained. 

1. , The density measurements, falling in the range 0.93-0.94 glee, 

indicate a medium density polymer. Annealed measurements show 

. value~ of about 0.95 glee'. Amorphous polymer has a density 

of 0086 and fully crystalline material. 0.99 glee. 
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2. The re~uced viscosity measurements indicate that the molecular 

weight increases '-lith decreasing total dose. The 

average molecular weight for poiymers formed up to 250 atm falls 

in the range 80,000 to 300,000. For the liquid p~se poly- . 

mer, tbe intrinsic viscosity measurements indicate that the 

material is of low molecular weight. 

3. The addition of argon decreases the molecular weight. 

'4. The degree of branching,indicated by ,the number of methyl groups 

s. 

per thousand carbon atOms, decreases with incr~asing pressure, 

decreasing dose rate, and decreaSing total dose. 7be range of 

values for initial pressure of 650 a~ is indicative of medium-

density high-pressure conventional material. 

The polymers which were fused before removal 

, from the vessel were crosslinked with the exception of those 

produced at low total doses, which tend to be non~crosslinked. 

Most of the polymers removed from the vessel' without melting 

'showed a high degree of solubility in deealin. and indicate 

less'than one crosslink per molecule. It, appears that the 

solid polymer contains residual radic~l species, which result 

in cross linking on heating. Exposure of the unreacted ra4icals .. 
to the atmosphere, on the other band, ~n cause termination of 

radicals due to oxidation. 

6. The melt flow and melt index'i~dicate the processibility of the 

polymer. The radiation-produced polymer bas a lower melt flow 

index and a higher melt index than the low-density polymer. The 

mel t index for conventional high-pressure polyethylene is Of 

'. 

• 
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the order of 1.7 and the melt flow for high molding is about 

50 to 60' .. 

7. The material has ·a high crystalline melting point. 

8. The decalin soluble non-crosslinked polymer could be made 

into a pliable film by hot pressing~ 

9. Low melt flow index, low branching, and non-crosslinked material 

are indicative of a higher molecular l-1eight linear polymer. The 

type of polymer produced is dependent on combined conditions of 

temperature, pressure, intensity, and total dose. 

Further characterization and evaluat~on of the polymer await experi-

ments at constant pressure, both in stati~and in flowing systems. Work 
.. -

is con:tinuing to determine the qua.ntitatiy~ __ ~ffec1:i of. t.h~_ vari.ous, pa.ra.met,~rs 

on the rate of ~olymeri zation, .. I 
. I 

~ Textile MOdif~catio~ 

(]Under this program, textile processes in two general areas have 

been investigated. These included the use of various nuclear 

radiationsto modify fiber properties. and the use of graft copolymeriza-

tion to modify the chemical structure of fibers. The results of three 

and one-half years of research have shown that the most promising field 

for commercial application is in the area of fiber,modification by 

radiation-induced graft copolymerization. Means of overcoming fiber 

deficiencies and thus producing materials of more functional or 

aesthetic value by this procedure are being investigated. 

, New uses for old 'fibers will be found and 

/ 

. . 
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fibers will be upgraded in their performance characteristics. In the 

work to date emphasis has been placed on procedures for getting satis-

factory grafting at levels of radiation where fiber deterioration due 

to exposure t.o the radiation itself is minimized. The approach was to 

expose a number of different textile fibers to vinyl monomers in the 

vapor phase, using a .third component in the system to accelerate the 

grafting ,process. The vapor phase technique gave grafted products of 

good uniformity, and for this reason work was largely confined to this 

system. 

The fibrous materials that are the least stable to radiation are 

the ones that were grafted most readily. Thus, the best results were 

obtained with cellulosics, cellulose esters, polyamides, andpolypro-

pylene. Polyesters and acrylics showed little tendency to graft. The 

best vinyl monomers investigated were acrylonitrile, methyl acrylate, 

ethyl acrylate, and butadiene. The presence of water in the system 

was necessary for the grafting of all these monomers to the cellulosics 

and the polyamides except the cellulose esters and polypropylene. 

Other factors that ,affected the rate'of grafting were the concentra-

·tion of the monomers in the vapor phase, the presence of oxygen, and 

the temperature of the system. Generally, the amount ,of grafting in-

creased with increased monomer contentj oxygen had an inhibiting effect, 

presumably by acting.as a scavenger for free radicalsj and the effect 

of temperature was to decrease the amount of graft at any given 

radiation dose. 

Fibers of the different chemical types were partially evaluated 

after grafting with four different levels of the four vinyl monomers men­
<point, 

tioned. Stress-strain properties, moisture regain, solubility, softeniTIgj\ 

• 
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and weather resistance of a few selected materials were determined. The 

cellulose ester grafted with acrylonitrile behaved somewhat differently 

than the other fiber types. Its breaking strength was 1lDchanged as a. re­

sult of grafting, but the elongation of the fiber decreased. This resulted 

in an increase in modulus. Moreover, the yield point was increased as 

the amount of graft copolymerization increased. The overall data in­

dicated that cellulose esters were crosslinked as well as grafted by 

acrylonitrile. Generally speaking, the other fiber types showed a slight 

deterioration in p~sical properties when grafted'with, the different 

monamers, although in no case was the deterioration severe. The moisture 

regain of all fiber types with all monomers was decreased. The solu­

bility of the grafted materials depended on the monomer used. Theaddi­

tion of ac·rylonitrile tended to insolubilize all f1.bertypes in their 

common solvents. Greater solubilities were generally obtained when ethyl 

acrylate was used as the monomer. There was a level of grafting fol;' each 

monomer on each fiber type that resulted in insolubility.. The addition 

of the monomers to the .thermoplastic fibers failed· to increa~e their 

softening or melting point except in the case of acrylonitrile. The addi­

tion of this monomer to a cellulose ester and to polyp~opylene gave a 

material that charred ·without melting. Cotton grafted with as little as 

3.25% acrylonitrile was highly 'resistant to cellulose-degrading micro­

organisms. The addition of styrene to nylon appeared to improve weather 

resistance. 

Concurrently with the above work, experiments were initiated to 

correlate both the kinetics and diffusion for the vapor-phase technique 

on grafting acrylonitrile to cellulose ac~tate, nylon, polypropylene,and 



polyester fiberso The kinetics of polymerization and the rate of dif­

fusion of monomer both playa very significant part in this process, 

and accurate data are necessary for the optimum design of graft-poly­

merization processes., Reaction velocity constants were determined for 

propagation, termip,ation, and reaction with oxygen. (rhe diffusion of 

acrylonitrilemonomer did not obey a simple mechanism. 

Future work will involve continued studies of the kinetics and of 

the role of diffusion of monomers into the fiber substrates using com­

putertechniques. The evaluation of important text'ile fiber properties 

will'be continued. Some preliminary work'has indicated the possibility 

that cotton cellulose might be made more dimensionally stable by the use 

of a radiation pr,ocess 0 

Radiation Pasteurization of Foods 

Research on radiation preservation of food is being carried. out 

in many countries inc.luding the United States and Japan as ':vell as a 

number of countries throughout Eurore 0 If.ajor developments have been 

achieved during the past year contributing to the steady advance on 

radiation preservation of foods technoloGY. Potatoes irradiated to 

10,000 rads for control of sprouting have been approved for human 

consumption in Canada. Last fall more than a million pounds of potatoes 

were irradiated in Canada as part of a field "test" program to establish 

better potato response to radiation treatment, process and storage 

conditions, and economic ~nd consumer acceptance. The Russian Ministry 

of Public Health has reportedly authorized the use of irradiated potatoes 

by consumers, and an experimental production facility to irradiate ~p 

to 25 tons of potatoes per year is planned., 

• 
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• 



• 

• 

• 
. . 

.. ' 
77 

. /. 

In the' United States. radiation-sterilized bacon was approved for 

human consumption by the Food and Drug Administration in February, 1963. 

A formal pet~tion for clearance of wheat and liheat products 

treated with radiation for disinfestation purposes has been submitted 

. to the Food and Drug Administra'tion ___ .. _- __ ~~_, __ ... , ____ .. _ .. _ .. __ . 

. The U. S. Army Radiation Laboratory, Natick~ Massachusetts, ,~as 

--- ... --
completed in 1962 and: used for studies' on radia-

tion sterilization of food products important to the military establish-

mente The facility was designed and constructed by the Atomic Energy 

Commission for the Department of Army. The Laboratory contains the 

world's largest Cobalt 60 radiation sources of approximately 1.3 million 

curies, a high-energy 24 Mev l8-kw linear accelerator, and a complete 

food preparation area. 

The . Atomic Energy Commission research program on radiation 

pasteurization of foods aims at developing the technology for providing 

'fresh-like fish and fruits far from harvest areas, thereby opening up 

, new markets for these products. Relat~vely low radiation doses (less 

than 500 kilorads) are being used to inhibit bac~erial growth for periods 

ranging from days up to several weeks under normal ~efrigerated 

distribution and storage conditions for perishable foods. The low-dose 

radiation processing of foods program of the AEC is complementary to the 

radiation sterilization of foods program of the Department of Army 

where high doses of radiation are used to completely destroy bacteria and 

permit food storage without refriger~tion for months. 
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The AEC research and development program is limited to selected 

fruit and fisheries products and emphasizes factors such as storage 

and shelf-life extension, trea~ent ~ariables including radiation 

dosage, quality including organoleptic effects, wholesomeness, and 

packaging materials studies. In addition, continuing consideration is 

being given to ma~keting and consumer acceptance studies, The selected 

food items under study are: 
b, • 

Fruit\· strawberries, citrus', peaches, grapes, pears, cherries, and 

tomatoes, (Preliminary experiments have been carried out 

on figs, pineapples, papayas, asparagus, and nectarines.) 

Fish~' haddock fillets~ soft-shelled clam meats, 'Pacific crab 

meat, Petra~e sole fillets, and shrimp. Recent work has 

been initiated on cod, pollack, and ocean_perch; however, 

results are not available for reporting at this time. 

;Radiation for contro~ of sprout inhibition, disinfesta­

'tion of grain>and alleviation of quarantine problems is also being con-

sidered. 

Research results achieved to date with both fruits and fisheries 

products show continuing promise for successful development of radiation 

pasteurization technology and for ultimate commercialization of the 

. process. 

Progress on specific fruit products: 

1. ,Strawberries: The. amount of decayed fruit after a simulated 

transit and marketing period is considerably less in fruits 

irradiated at doses of 200 kilorads than in the control lots. 

• 

• 

The texture of the irradiated fruit 1s altered less than that of other • 
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fruits. This derives in part from the fact that straw­

~erries, both irradiated and control, become progressively 

firmer in cold storage. Taste panel studies ,reveal that 

irradiated strawberries are not significantly different in 

flavor to non-irradiated fruits. Color, aroma, and texture 

are -significantly different in irradiated frui~sJ but are 

not objectionable to the taste. Ascorbic acid levels in 

irradiated stra,..,berries are not altered by a nutritionally 

significant amount. 

2. Lemons: Severe injury symptoms were found in irradiated 

lemons ,when the fruit was stored for periods of a month or 

more. Air pockets develop in the fruits' adjacent to the lobe 

membranes. Ascorbic acid content declines by 50 per cent in 

frui~s subjected to 200 kilorads and the "buttons" are 

destroyed, making the fruit very susceptible to Alternaria 

citri. 

3. Oranges: This species does not 'show the adverse effects 

observed with lemons. Air pockets, do not develop, the ascorbic 

acid level in irradiated fruit is not significantly different 

from that of the controls, and the "buttons" are not adversely 

affected. There is a change in flavor at 200 kilorads with 

increasing storage time. With two 'months' s,~orage, this 

changed flavor is , acceptable. 

4. Peaches and Nectarines: 'The capacity of these fruits to ripen 

is not altered by irradiation. They are, subject to dramatic 

effects by radiation on the texture of the flesh. Some varie­

ties of these species have shown a drop in flesh firmness 
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• of 70 to 85 per cent at 200 kilorads. 

s. Grapes: t~hite varieties of grapes are more susceptible to 

adverse radiation effects than are red varieties. ~turity 

of fruit has a profound effect on its response to radiation. 

As the fruit becomes riper, th~ adverse effects of radiation 

are less.. The Thompson Seedless variety shows moderate to 
" 

severe textural changes at doses which may prove' effective 

agains,t Botrytis, and Rhizopus .. , 

6. Bartlett Pears: Ripening of this fruit is clearly inhibited 

at doses of 250 kilorads and higher. There is an immediate 

softening of the flesh at doses ~s low as 100 kl10rads, an~ 

at 300 kilorads the firmness of the flesh is only 50 per cent 

of that of 'the un-irradiated fruit.. Subsequent to the initial' • decrease in firmness, fruits irradiated at 250 kilorads and 

higher soften more slowly than the control lots. Fruits sub-
t': f'~n tY'9 ' 

jected to r-qe inhibiting levels, of radiat,ion in air, are "mealy" , 

when ripe and do not develop full yellow color. Irradiated . 

fruits respond more slowly to ethylene treabDent than do con-

trol fruits. 

when pears were irradiated in a nitrogen atmosphere, their 

color development, texture~ and flavor were more nearly normal, 

indicating that the adverse effects noted above may be an in-

direct effect of high ozone concentration, in the fruits,rather 

than an effect of radiation per~. 

• 
. . 
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There is a spurt of ethylene production by irradiated pear 

fruits immediately after treatment. Thereafter, ethylene pro­

duction by fruits subjected to 300 and· 400 kilorads is much 

less than that of un-irradiated fruits. Fruits subjected to 

100 and 200 kilorads produce considerably more ethylene than 

do the control fruits, suggestin$ that with this species there 

may be a very narrow range of doses between adverse and non­

harmful effects on ripening by irradiatione 

7. Sweet Cherries: Cherries have been ~-stUdied in'radiation 

'~ ___ .phy~io~ogy' for. the past three years. During this 

8. 

time casual observation and tasting of the fruit have given 

promise that these fruits can well tolerate radiation doses 

up to 250 kilorads. It is also reasonable to assume that such 

a dose would result -in an important extension of the post­

harvest life. 

Tomatoes: No retardation of ripening has been found at doses 

below 200 kilorads. Doses between 200 and 400 kilorads retarded. 

ripening and decay development, but this range of dosage g~ve 

an undesirable effect on flavor" 

9. ,Figs: Mission figs seem to respond favorably to radiation. 

While no inoculation.s 'oJere made, irradiated fruit showed much 

less decay ,than did control lots. There were no apparent· ill 
- . 

effects of doses as high as 300 kilorads. 

10. Pineapples: These fruits respond very favorably to radiation. 

At 200 and 300 kilorads there is a slight bronzing of the 

exterior color of the fruits. Flavor of the irradiated fruits 

• seems the same or ~lightly improved over that of control fruits. 

. . 
, . 
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11. Papayas: . Fruits were shipped by air from Hawaii and subjected 

to doses of 200 and 300 kilorads. The fruits seemed to ripen 

more slowly than unirradiated fruits. There was no evidence . 

of adverse effect on flavor. 

12. Asparagus: The post-harvest elongation of asparagus spears was 

reduced by 66 per cent and tip curvature by 80 per cent at 

doses as low as 5 kilorads. There were no ~dverse effects on 

quality of the product at doses as high as 150 kilorads. 

Progress on specific ~isheries products: 

1. Haddock Fillets and Soft-shelled Clam Meat: Research results 

show· conclusively that,at the optimum radiation dose levels of 

250,000 and 450,000 rads, respectively, haddock fillets and 

soft-shelled clam meats can be kept satisfactorily for 30 

o days at 33 F. At these optimum dosage levels no noticeable 

"irradiation" odor is detectable in the products. An increase 

in storage temperatures from 330p to 42ar decreased shelf life 

by about 50%. Results have n?t- yet. Jdemonstrated a difference 

in product quality due to use of vacuum or'air packaging. 

2. 'Pacific Crabmeat: Radiation pasteurization of Pacific crabmeat 

packed in cans increassthe storage life at i~e temperatures by 

5 times,or from 7 days to 35 days. 'Radiation dose levels of 

200 kilorads to 350 kilorads appear to be the optimum. Quality 

of the product remains 'excellent. 

3. Petra Ie Sole Fillets: 400 kilorads appears to be the optimum radia-

tion dose. A 7-fold extensione of shelf life, 5 days to 35 days, 
0, 

was attained at 33 F in the vacuum packed samples. The storage 

• 

• 

• 
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lif~ of this'product was half as great at 42 F as compared to 

330 F. In air-pack samples, processed under the same con-

ditions, an off-flavor, described as rancid, developed. 

4. Shrimp: The shelf life of radiation-processed shrimp held 
o 

at 33 F, and using,a radiation dose of 100 kilorads,was doubled 

from 20 days to 40 days. At this dose level, organoleptic and 

chemical results were consistently better than,:' those of' the' 

unirradiated samples. 

Cooked'irradiated shrimp appear to have excellent keeping 

qualities as shown by bacteriological; chem{cal~and organo­

leptic tests. 

A valuable finding is that "black spot", (a melanosis 

resulting from the action of phenol oxidase in shrimp) is 

virtually eliminated in radiation-processed products. 

Design and Fabrication of Irradiation Facilities • ..,,--- ..., 
. . ,r Three r~;~h-"i;;:diators have been coin-

pleted. Each utilizes approximately 30,000 curies of Cobalt 60 

with a specific activity ranging from 7 .curies per gram to 18 

curies per gram. These ir~adiators are designed with a built-

in flexibility to permit the performance of ~rradiations ~nder 

various types of atmospheres, as well as' under a temperature 

variation from 10 - 150oF.The gamma flux for each has 

been measured to be about 2.5 x 105 rad/hour, and the irradia-

tion chamber is capable of handling a package measuring 

14" x IS" x 6". 
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Transportable irradiators are designed for use in semiproductiort-

scale acceptability, storage,and 

shipping tests. The transportable irradiator provides a 

radiation processing capability clo~e to the harvest areas 

___ ~_; as well as data on process 

paramete~s and economics. 

Design concepts for two'~ transportable 

; irradiators have been completed. One: will 

use a lOO-kilocurie Cobalt 60 radia~ion'source and the other)8 

'2-Mev 3-kw electron machine radiation source. These irradia-

tors have a designed minimum production rate of 500 pounds per 

hour at a radiation dose of 250 kilorads. 

The Marine Products Dev~l.<?J?IIlent Irraci.iator is 

designed to demo~strate the technical and economic feasibility 

of radiation pasteurization of fishery products on a ,near-

commercial scale. It will use a 235,OOO-kilocurie Cobalt hO 
~ 

source and will have a production rate of 1,000 lb per hour 

at 500 kilorads. The facility will be located at Gloucester, 

Massachusetts, which is the center of the east coast fish-

packing indust~y in the United States. The facility will be 

operated for the Atomic Energy Commission by the Depart-

ment of the Interior, Bureau of Commercial Fisheries. Con-' 

struction on ~he Marine Products Development Irradiator will 

begin this- summer and it is expected to be completed in July 

1964. 

1.1 .. 
v " 
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Radioisotope Technology Developments 

This phase of the Isotopes Development Program is concerned with 

creating new and improved technology leading to beneficial appl~cations -

in areas such as water exploration and management, atmospheric pollution, 

meterology, oceanography, and crime detection. Research and development 

are being carried out on problems involving neutron activation analysis, 

radiometric analysis, low-level process control, radiation absorptiometry, 

ionization technology, non-destructive testing, and isotope measurement 

systems. Emphasis in the research and development work is directed 

primarily-to filling critical gaps in technology which are acting as 

major deterrents to advancement of the use of radioisotopes. 

While important contributions have been made in each of the above~ 

mentioned areas, discussion will be limited to work of most timely 

interest and significanceo 

Neutron Activation Analysiso Neutron activation has moved out of 

the research laboratory into broad application throughout science and 

industry in the United States. Some private organizations now' offer 

neutron activation as a commercial service. The method is beginning 

to find wide use in the chemical and petroleum industries. 

The development of new instrumentation, particularly in neutron 

generators, multichannel analyzers, and detectors, continues to 

accelerate 0 - The rapid developments in instrumentation have opened 

up new areas for the investigator, especially in the utilization 

of fast neutron reactionse This has revealed gaps in the basic 
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knowledge which must be filled. 

The Atomic Energy Commission is continuing its strong interest in 

activation analysis by supporting a bread range of research and deve­

lopment projects. Fundamental studies are being carried out on gamma 

ray spectra of neutron-deficient nuclides as well as on solid-state 

detector systems which will provide superior beta and low energy 

photon resolution as compared to crystal detectors. Development of 

instrumentation to provide rapid,automatic analyses of 

very large numbers of samples is an important area of work, as is 

development of improved neutron sources. Much effort is being placed 

on applying neutron activation analysis to problems of major national 

importance, 

oceanography. 

analysis of environments in space and in 

----~----~--~--------------
- The Atomic Energy Commission 

and the National Aeronautics and Space Administration are 

jointly sponsoring a program.to develop a workable, remote, 

activation technique for elemental of the 

moon's surface. It is planned that a neutron source and detector 

wiil be as part of the instrument of ascien-

tific lunar landing mission. A small area of the moon's sur-

fact be neutron-irradiated, the induced gamma radiations 

will be detected and the data will be telemetered to,earth. 

The data will then be analyzed by an automatic computer-coupled 

• 
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system which will identify the major ch~ical elements in the 

moon surface sample. 
" 

A working system has been operated successfully under 

simulated remote conditions. The activator is a neutron 

8 tube which produces a flux of 5 x 10 .. neutrons/cm21sec ,at the 

'. target located at' a distance of about 0.1 in •. from the end 

of the accelerator unit., This flux is barely $dequate and ·a 

more powerful source is being considered. The d'etector unit 

is a 3'~ x 3" NaI (Tl) scintillation crystal, photomu1 tip1ier 

tube, a pre-amp, and a lead collimator. The control unit 

powers the accelerator, controls pressure automatically, and 

programs 'the analysis sequence. This involves activation by 

the neutron source for 5 minutes, rotation of, the assembly to 

place the detector over the activated sample for 10 minutes, . 

and transmission of th~ data signals to the earth-stationed 

multichannel analyzer. 

Tests have been conducted with simulated moon matrices, . 

using a mixture of aluminum oxide (Al203), ferric oxide 

(Fe2030), magnesium oxide (MgO)~ and silicon dioxlde'(Si02). 

The gamma radiation was analyzed with a 400-channel tran .. 

sistorized analyzer, and 'photopeak counts for the various 

components were taken from a plot of channel ,number versus 

activity. Spectrum-stripping techniques were used to 
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resolve peaks containing activity from more than one radio­

active\source. 

Data from an actual moon shot are to be processed with 

the Mark II automatic. gamma analyzer, on. command from the 

moon pro~e. Th1sanalyze~ ~s a development of the Mark I, 

previously.reported at thi~ Conference in 1961. Advances in 

Mark II include faster operatio~ by direct coupling of com­

puter tape, elimination ot, . some interfering elements by a 

"dynamic subtract".unit, and improved resolution of gagun<$ peaks. 

2. Shipboard Neutron Activation Analyz'er - The shipboard analyzer 

performs rapid elemental analysis on core samples 

of the ocean floor on the vessel as they are collected. This 

aids effective exploration by making. it possible for the ship 

to modify its survey pattern in accordance with the trends 

indicated by the data. 

The unit was developed in conjunction with Lamont 

Geological Laboratory of Columbia University: The special 

neutron source is a small, rugged. (d,T) neutron generator 

which emits.lOS neutrons/second. It is cont~ined in a lead 

and paraffin shield designed to p~rmitinsertion of an entire 

ocean-bottom core sample. so that intervals along the core' 

, length maybe activated without cutting the· core.. A shielded 

)" x.31t NaI (Tl) scintillation crystal is used :to observe the 

activity induced in the core and the gamma spectrum is analyzed 

in a 400-channel analyzer. The analysis of cores for ·the.ir 

content of silicon, aluminum, magnesium, sodium, and iron, is 

• 
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made by neutron activation and for their contents of potassium,.ura­

nium, and thorium, by the spectra of their natural radioactivities. 

The activation conditions are: 10 min for core irradiation, 1. min for 

transfer of the core to the detector, and 10 min for measurement of 

the induced activity. Analyses of standard samples have indicated 

the followirig sensitivities, in mg/cm3: Al a~d Si, 0.3;. Mg, 1.6; Na, 

2.2; Fe, 3.8. 

3. Coal Analysis and Grading -In cooperation with researcngroups of 

the coal industry, the Atomic Energy Commission is sponsoring inves­

tigations into the feasibility of using activation analysis to con­

tinuously measure the Btu and ash ·content of coal. By the use of 

activation analysis using a neutron generator emitting l4.5-Mev neu­

trons combined with the related techni~ues of inelastic scatter and 

capture gamma-ray analysis, it appears to be possible to analyze for 

the elements that determine the Btu value of coal, i.e. C, N, 0, and 

H; the water content; the sulfur content; and ash.. The data for the 

several quantities are fed into a computer for automatic calculation 

of the Btu. It is anticipated that such units can be iristalled at. : 

conveyor belt lines carrying the finished coal. These can be coupled 

to automatic sorting e~uipment.· 

·Carbon content is determined ·to anestimated>8.ccuracy· 

i:q.elas~ic .: scattering of fast neutrons. Oxygen content. is deter­

mined to ~2~5% using neutron activation analysis. The ash:constituents, 

St, AI, and Fe, are determined by activation to within about ±5%. 

Methods for S, N, and H are under development. 

4. Automated Activation Analysis in.Metabolic and Environmental Studies -
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. Determination of the.role of trace elements in metabolism and its 

correlation with the incidence of disease and existent chronic de­

ficiency co~ditions is of major interest to me~ical research in the 

United States. The analytical problem in this research is one of tre­

mendous scope inasmuch as a serious study should include analysis f.or 

:several el~ments in sufficient samples to investigate statistically 

the major environments across the nation and to establish the trace 

elem~nt content of all the life-sustaining portions of these indivi­

dual environments. This includes· the atmosphere, the drinking water, 

and the food supply. Ideally, seasonal changes should also be inves­

tigated. Further, any specific effect in a particular area such as 

coal dust in a coal-mining region, for example, must be covered in­

tensively. Clearly, such a program poses a monumental analytical 

problem, involving hundreds of thousands of samples~ 

Previous studies of trace element effect on life processes have 

been limited to specific elements and usually to specific geographic 

areas where the effect of a particular deficiency or excess was cop­

spicuously apparent. Studies of fluoride effect on teeth and toxic 

selenium effects are examples. 

Neutron activation has provided the first general analytic~l 

approach that appears to be economically capable of coping with the 

enormous task. Automated computer-coupled analysis in environmental 

health studies is now underway under joint sponsorship of the National 

Institutes of and the Atomic Energy Commission. Elements 

selected for initial studies are selenium, and tellurium. 

The neutron activation technique is particularly advantageous for 

• 
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determination of selenium. This is a difficult analysis by classical 

methods, involving considerable risk of losing selenium in the asb,ing 

process. Tb,e $elenium activation technique is noridestructive, rapid, 

and sufficiently sensitive. 

5. Activation Analysis in. Law Enforcement - Activation analY$is ispa~ 

ticularly suited to the chemical analysis of material .evidencetaken . 

in law. enforcement investigations because .it is nondestructive and 

the sensitiVity· is adequate. The Atomic Energy Commission has been 

conducting e:xtensive studies in this area, .both at.· its Oak Ridge 

National Laborato~y and at private labor~t:ories.· Much of the work 

at Oak Ridge National Laboratory has been conducted. in close consul­

tation with the, U.S. Dept. of the Treasury. It has included such 

diverse ,problems as identification of automobile paint, soot, drugs, 

soil samples, hair, and fingernails. 

6. Compendium of Activat.ion Analysis - Under the AECprogram,continuing 

attention has been given to providing a standard reference compila­

tion of information on neutron activation analysis. The publication 

of standard reference atlases of gamma spe~tra has been completed. 

A compendium on neutron activation analysis, which is a companion 

to the standard gamma atlases, is nearing completion at the,Oak 

Ridge National Laboratory. The 'compendium provides the 'analytical 

chemist with needed information for determining the, pertinence of 

activation to his particular problem ( with the standard spectra 

atlases), and most of the information needed to begin work in 

activation analysis. 

While the procedures detailed in such a reference are quickly 



92 

outdated, the modification or amplificatiqn of the basic material is 

much slower. Suppl~ments will report significant developments as 

they achieve the status appropriate for inclusion in a reference work. 

Bigh-altitude Atmospheric Density Sonde. A direct-measuring balloon 

sonde to telemeter density information during flight has been developed 

in cooperation with the U.S. Weather Bureau and the U.S. Air Force. 

This sonde is intended to replace the indirect and frequently· inaccurate 

calculation of density based on thermistor data. 

The device is a forward-scatter gas-density gage using a 10-mc 

gaseous Kr85 source. It has been flight-tested under Air Force supervi­

sion. Use Of the forward-scatter geometry, which gives a better signal­

to-noise ratio than backscatter geometry, and a 14-in. gap between source 

and detector, provides sensitivity for measurement in the extremely rari­

fied atmosphere up to 140,000 ft. The average error in the interval.from 

45, 000 to 140 ,000 ft appears to be "to. 05%. The instrument contains two 

scintillation· detectors (one to ;measure and subtract backg~ound), a 

battery high~voltage supply, two amplifiers, a difference circuit, and 

radio transmitter. 

Deep-water Isotopic Current Analyzer ("DWICA"). One of the many pro­

blems confronting both the hydrologist and the oceanographer has been the 

lack of a suitable method to measure precisely and to record accurately 

direction and flow of slow-moving currents in the range 0.01-1 knot. NOW, 

for the first time, such a method has been developed, based on an iso­

topic principle to 

The principle of the isotopic technique depends on injection of a 

radioisotope into a movingwate~ environment and measuring drift as the 

• 
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radioactivity passes a detector. '. In this system a .:~eries of 16 detectors 

is arranged in a wagon-wheel configuration with a diameter o:e' 2 ft. 
-' . 

The detectors completely encompass a radioisotope ~njection.mechanism 

located in the center of the configuration so that any release. of acti-

vity will be seen by. the detector system. After the radioisotope is 

injected, the direction and rate are determined by·time of arrival of ~he 

radioactivity at a particular detector in the configuration. 

The isotope method is far superior to previously available tech-

niques for determining current direction and flow rates. 

The greatest advantage of this ne~ system is that there are no 

moving parts t9 impose friction drag on the system as occurs in the ca.se 

of a rotor mounted on a sapphire bearing. No matter how well a rotative 

cup is designed, there will always be a certain amount of friction, 

while with the isotope method the actual drift of the current is the 

mechanism by which the radioactive material is transported .and recorded. 

The first field tests of this instrument were made on Dec. 14.and15, 

1961, in Round Bay, Md., in 19 ft of water. The instrument wa,'s placed 

13 in. off the bottom,and measurements were made with 1131. The tests 

began at 5:00 p.m. on Dec. 14 and ran until 3:00 p.m. on the 15th. 

During these 22 hr, measurements were made at intervals of from 6 to 

20 min. 

A second series of field test'S was performed in the same location 

on Dec. 19 and 20. Measurements were made from 5:30 p.m. on Dec. 19 and 

ran until 3:00 p.m. on the 20th, at intervals of 1 to 20 min. 

The results of the first series of measurements in Round Bay 

are shown in Fig. 1. In this figure direction is given by the upper 

curve; note that more than one full turn of the compass is plotted. 



Current is indicated by the lower curve. Current directions are 

indicated on the left~hand axis and speeds on the right-hand axis. 

Between 5:00 p.m. and 10:00 p.m. on the 14th, the .curr~nt direction 

rotated in a clockwise fashion through 3600 • For the next 10 hr, the 

current direction remained upstre.&rl, about 3400 • However,· starting 

about 8:00 a.m. on the 15th, the current;direction again made a complete 

clockwise turn about the compass in approximately 3 hr. Current direction 

was downstream for the final 3 hr of the measurements. 

The results show that current movement upstream has a longer dura­

tion· than current movement downstream. Further, the data indicate a 

correlation of the movement with flood and ebb tide, which was predicted 

by experts of the Chesapeake Bay Institute. However, until these tests 

were made, there was no method of verification. 

This test represented the first successful att~mpt to log currents 

with velocities as low as 0.01 knot. 

The instrument has been modernized with computer-logic circuits 

to make it completely automatic. The instrument consists of the fol­

lowing units: (1) an electronic servo-injector control system which 

automatically adjusts the amount of radioactivity, injected at the start . 

of current velocity measurements and makes the necessary corrections, in 

situ, when the velocity increases or decreases; (2) an automatic digital 

convert'er system that out the following information: date and time 

of measurement, drift time of injected activity, and the number of the 

detectors that observed the ac~ivity (i.e., direction); and (3) an 

automatic program control system Which determines the of measure-

This, of course, depends on the velocity of the current being 
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measured. The present design of the DWICA can measure velocities in the 

range 0.001-10 knots, and has been used by the Chesape~ke ~ay Institute 

to collect data on summer and winter cycles in Chesapeake Bay. The . 

lower limit·of the instrument is determined by molecular diffusion of the 

radioactive material in still water. 

The instrument is being redesigned and pressurized to measure ocean 

currents at 6000-ft depths. The new instrument will include many of the 

above-mentionedfeatures,'as well as several additional ones,i.e.: (1) 

a compass for proper orientation at great depths; (2) a unit that can 

generate its own radioisotopes in f:?itu. The genera,tor wil:L produc'e 

indium-ll6 by activation of an indium s.olution with ten l-eu~ie Ain24l_ 

Be neutron sources with a flux of 1 x l06n/cm2.sec • 

. The first field test of the redesigned instrument is s:cheduled' for 

August,l963, and will be conducted in cooperation with. the·U.S. Navy 

Oceanographic Office. 

New Improved Tritiation Method for High";'molecular-weight. Organic 

Compounds. High-molecular-weight· hydrocarbons are now successfully 

. labeled by. a new tritium reagent. This new· technique produces labeled' 

compounds of a higher specific activity than produced by the radiation-

. induced self-labeling method of Wilzbach. It is faster and cleaner and 

requires less initial tritium to produce a product of higher specific 

activity. The.principle of this new technique is based on the hydrogen­

tritium exchange brought about in the presence of a.tritiated acid catalyst. 

The tritiating reagent is a comple~ of tritiated phosphoric ~cid 

and boron trifluoride. It normally has the form~la TH2P04.BF3, i.e. 

the tritium/hydrogen ratio is arbitrary. as the complex is easily prepared 
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by stoichiometric admixture of tritiated water and phosphorus pentoxide 

followed by saturation with boron trifluoride. 

Its applicability is best illustrated in Table VII, which compares 

this new technique and the standard radiation-induced self-labeling one. 

Many advantages are seen from the comparison. Experimental studies 

of radiochemical purity and tritium activity in the tracers show that 

the TH2P04.BF3 reagent produces no highly tagged side products, thus ob­

viating extensive purification as required in the radiation-induced method. 

The method is rapid, and pure, usable tracers are often prepared in a 

few hours as comp~red to days by the Wilzbach method. High­

activity compounds, up to curies per gram,can be p+oduced when desired 

by starting ·with a tritium cont.ent in the reagent. Table VIII 

shows the theoretical limit reached in a 6-hr test at 230 C. 

As seen in Table VIII·, labeling takes place on contact under am­

bient conditions and causes tritium to exchange readily with hydrogen 

atoms on all aromatic positions and on tertiary carbon atoms; there is 

no labeling on nonbranched aliphatic carbon atoms. 

Kryptonates as Universal Radioactive Indicators 

Development of a , or "universal, n radioactive indicator 

technique, called flkrypt onate , If which was first reported at this Con­

ference in 1961, has been completely successful. Krypton gas containing 

5% of the radioactive isotope· is incorporated into the SUbstance by 

either bombardment with ionized krypton or diffusion under high 

ture and pressure. The ionization procedure, which was originally 

favored, is now used only for selected substances that cannot withstand 

the pressures or temperatures required of the more efficient diffusion 

process. 

• 

• 

• 
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Typical conditions for the diffusion saturation of a substance 

with krypton are: temperatures around 6500 C and, pressures to 

5,000 psi. Several hours to three days are required. The satura-

tion activity that can be attained is a function of the structure 

of the 'compound. Substances with numetous interstices, of the 

proper dime~sions to contain the krypt'on atom assume the highest 

saturation activity. Pyro~tic graphite has been saturated to 

,an activity of one curie pe'r gram, whereas 't~ith less favorabl~ 

structures, the activity is frequently limited tomillicuries or 

microcuries per gram. The 

diffusion method has success~~~y in~uced some measurable,' 

though often small, permanent krypton activity in all substances 

tefn.:ed sO far. Therefore, ,the __ tttle ffuni ve~,sal If indicator is 

~still justified. 

Uniform incorporation of krypton into a solid is possible.if 

the substance is "kryptonatedn in ,the form of a fine pO"Nderwhich 

can be subsequently compressed into a solid. The temperature 

stability of the "kryptonates" varies. Some lose cost of their 

activity at atmospheric pressure when the temperature is elevated 

only 75 or 100 degrees, while "kryptonatedlt copper metal retains 

7510 of its activit¥ to 900°C. Generally, the stability at room 

temperature is excellent. 

The possible app1ica'tions of the "kryptonates" in science and 

technology range from pure chemistry to applied mechanical enginee~-

ing. One of the most important applications 

,is the accurate measurement of atmospheric 
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moisture, especia~ly at high altitudes. "Kryptonates" appear 

useful here, as Krypton 85 incorporated into desiccant material 

is released when these substances ~bsorb water vapor. A research 

study based on the formation'of hydrates to release Krypton 85 

and another based on chemical reaction to form the hydroxide, 

thus releasing Krypton 85, are in progress., 

• 

• 

• , 
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APPENDIX 1 

LIST OF RESEARCH AND DEVELOPMENT CONTRACTS 
DIVISION OF ISOTOPES DEVELOPMENT 

UNITED STATES ATOMIC ENERGY COMMISSION 

Process Radiation Development 

AIR REDUCTION COMPANY, INC. 
Murray Hill, New Jersey 

ARMOUR RESEARCH FOUNDATION . 
. Chicago , Illinois 

ARMOUR RESEARCH FOUNDATION 
Chicago, Illinois 

ATLANTIC RESEARCH CORP. 
Alexandria, Vir$inia 

BATTELLE ~RIAL INSTITUTE 
Columbus, . Ohio 

CONSOLIDATION COAL CO. 
Pittsburgh, Pa • 

FUNDAMENTAL METHODS ASSOC. 
New York, New York 

GEORGIA TECHNOLOGICAL 
RESEARCH INSTITUTE 
Atlanta·, Georgia 

GEORGIA TECHNOLOGICAL· 
RESEARCH INSTITUTE; 
Atlanta, Georgia 

RADIATION APPLICAtIONS, INC~· 
Long Island City 1, New York 

STANFORD RESEARCH INSTITUTE 
Menlo Park, California 

TEXTILE RESEARCH CENTER 
Raleigh, North Carolina 

tolESTINGHOUSE ELECTRIC CO. 
Pittsburgh, Pa • 

Investigation of the initiation of chemical 
reactions using krypton-8S beta radiation. 

Study of radiation reaction· mechanism pro­
ducing high value halogenated aromatic 
compo~ds. . 

Study of ultra high intensity radiation effects. 

Study of the use of· organo-metallic bond in 
radiochemi~al dosimetry. 

Study of structural and compositional factors 
influencing radiation induced polymerization 
reactions. 

Evaluation of beta radiation ,as a hy~rogenation 
catalyst. -

Research on neutron transmutation doping •. 

Effects of high intensity ionizing radiation. on· 
colloidal. systems and suspensions. 

Physical properties and structural characte~­
istics of polymers resulting from post effect 
polymerization. 

Study of the mechanism of radiation induced 
gelation in monomer-polymer mixtures. 

Radiation-induced reactions in swollen 
polymers. 

Applications of nuclear radiation and radio­
isotope techniques to textile materials 
and processes. 

I~estigation of stimulated emissi~n of gamma 
tradiation. 

.. 
. , 
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WEST VIRGINIA UNIVERSITY 
Morgantown, {vest Virginia 

HM. H. . JOHNSTON LABS 
Baltimore, Maryland 
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Development of wood-plastic combinations using 
gamma radiation to induce ,polymerization. 

Mass ,spectrometry of :fast.primary ion reactions. 

Radiation Pasteurization of Foods 

AGRICULTURAL MARKETING SERVICE 
U. S.Department of Agricul-ture 
Washington, D. C. 

BUR. OF COMMERCIAL FISHERIES 
U. S. Deparenent of Interi~r 
G~,~ucester, Massachusetts ~t':-

.. ..,": ~': . 

BUR •. OF COMMERCIAL FISHERIES-:' 
U. S. Department of Interior, 
Seattle, Washington 

ECONOMIC RESEARCH SERVICE 
U. S. Dept. of Agriculture 
Washington, D. C. 

HAZELTON. LABORATORIES, INC. 
Falls Church, Virginia 

LOUISIANA STATE UNIVERSITY 
Baton Rouge, Louisiana 

MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 
Dept. of Food Technology 
Cambridge, Massachusetts 

UNIVERSITY OF CALIFORNIA 
Department of Pomology 
Davis, California 

UNIVERSITY OF WASHINGTON 
Seattle 5, Washington 

Studies on gamma radiation treatments for the 
control of pos't-harvest diseases of fresh 
fruits and vegetables. 

- Research to conduct quality studies on several 
.East Coast seafoods, to include determination 
of process parameters, flavor and odor studies, 
effect of pre-irradiation quality on post­
irradiation storage, and development of' 
appropriate packaging containe-rs • 

Research on the radiation pasteurization of 
dungeness crab meat and flounder. 

Economic feasibility of radiation pasteuriza­
tion of selected fruits and vegetables. 

Extractive studies on packaging material to 
be used wi~h irradiated foods. 

Radiation pasteurization of shrimp. 

Study of the effects of radiation pasteurization 
on the storage life extension of soft-shelled 
clams and haddock fillets. 

Research on radiation pasteurization of fruits 
and vegetables. 

Study of radiation pasteurization of marine 
products, installation and operation of 
Cobalt-60 gamma research irradiator. 

• 

• 

• 

• 
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Isotopes Technology Development 

ARMOUR RESEARCH FOUNDATION 
Chicago, Illinois 

BATTELLE MEMORIAL INsTITUTE 
Columbus, Ohio 

BUREAU OF MINES 
·U. S. Department of Interior 
Washington'25, D. C. 

CATHOLIC UNIVERSITY OF AMERICA 
Washington 17, D. C. 

CLEGG RESEARCH LABORATORIES 
Santa Fe, New Mexico 

COLORADO SCHOOL OF MINES 
RESFARCH FOLWATION, INp. 
Golden, Colorado 

DRESSER RESEARCH 
Tulsa? Oklahoma 

EDSEL B. FORD INSTITUTE 
Petroit, Michigan 

FOREST SERVICE 
U., S. Dept. of Agriculture 
Berkeley, California 

GENERAL ATOMIC 
Div. of General Dynamics Corp. 
San Diego, California 

GENERAL ATOMIC 
Div. of General Dynamics Corp. 
San Diego, California 

GEOLOGICAL SURVEY 
U. S. Dept. of Interior 
Washington 25, D. C. 

INTERNAL REVENUE SERVICE 
Alcohol & Tobacco Tax Div. 
U. S. Treasury Department 
Washington 25, D. C. 

. . 

Scintillation spectrometer measurements of 
capture gamma rays from natural eleme~ts. 

Development and evalua~ion of safety performance 
criteria for sealed radiation sources. 

Research on ra4ioactive tracers to eval~te 
. h~terogeneities in repressured p.troleum 
reservoirs. . 

Investigations regarding limiting factors'in 
rapid identification of selected materials by 
nuclear tec~iques. ' 

'Absorpti~etry with beta-excited x-rays. 

Evaluation of large'volume detectors and their 
application to isotope process control. 

Development of an ocean bottom sediment de~sity 
meter and a shipboard neutron activation 
analyzer for ocean bottom samples. 

Compilation of beta-excited x-ray source 
spectra. 

Use of_radioactive isotopes in measurement of 
Sn9W' density profiles. 

Neutron activationanalysis·in scientific 
crime detection. 

.Development of techniques for utilizing reactor 
fast neutrons for activation analysis. 

Development of radioisotope techniques for 
water resource studies. 

Evaluation of the effectiveness of neutron. 
- radioactivation analysis in cr1m1nalist.ics. 



• 

• 

• 
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MARTIN-MARIETTA CORP. 
Baltimore, Maryland 

HB ASSOCIATES 
Halnut Creek, California 

MULLER-HONROE DESIGNS 
Santa Fe, New Mexico' 

NATIONAL CANNERS ASSOCIATION 
Berkeley 10" California 

NATIONAL CANNERS AS:SOCIATION 
'Berkeley 10, Calif(jirt'ia 

. . 

PARAMETRICS, INCORPORATED 
Saxonville, Massachusetts 

PARAMETRICS, INCORPORATED 
Saxonville, Massachusetts 

RESEARCH TRIANGLE INSTITUTE 
OF NORTH CAROLINA 
Durham, North Carolina 

TEXAS NUCLEAR CORPORATION 
Austin, Texas 

TRACERLAB, DIVISION OF 
LABORATORY FOR ELECTRONICS 
lvaltham 54, Massachusetts' 

TRACERLAB, DIVISION OF 
LABORATORY'FOR ELECTRONICS 
Waltham 54, Massachusetts 

UNDERWRITERS' LABORATORIES 
INCORPORATED 
Chi,cago 11, Illinois 

UNION CARBIDE NUCLEAR CO. 
Research Center 
Tuxedo, New York 

UNIVERSITY OF CHICAGO 
Chicago 37, Illinois 
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Development of radioisotope energized thermally 
actuated underwater acoustic device. 

Alpha detector. 

Investigation of methods for producing and 
measuring beta-excited x-ray diffraction effects. 

Investigations of radioisotope tracer techniques 
to detect and measure detergent residues on 
washed food products. 

Development of radioi~otope techniques to ,evalu­
ate and improve ,rou~ine practices for removal 
of pesticides from ~ood. 

Development of krypton-8S as a universal tracer. 

Feasibility study of radiological mechanisms 
for use in geophysics research. ' 

Low-level tracer studies, fission product uses, 
soil moisture studies and quality control 
techniques. 

Investigation of the feasibilitY of using 
nuclear techniques for coal analysis. 

Radiois~tope application to printed circuit 
board technology. 

Development of, narrow band beta-excited x-ray 
detector for analysis of chemical el~ents in 
complex matrices. 

Fire resistance tests of teletherapy unit and 
shipping shields. 

Investigation of radiochemical separations and 
metastable isomers for use in activation 
analysis. 

Radioisotope research, development and related 
activities designed to lead to new or improved 
techniques or applications of radioisotopes to 
scientifiC, industrial,and public benefit 
problems. 



WESTINGHOUSE ELECTRIC CORP. 
Pittsburgh, Pa. 

. W. H. JOHNSTON LABORATORIES 
INCORPORATED 

. . 

Baltimore 15, Maryland 

Production and Materials 

MARTm-MARIETTA CORP. 
Baltimore, Maryland 
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Study of applications ,of the Mossbauer effects 
to explore its potential to public benefit. 

Development and testing of a deep-water isotopic 
current analyzer. 

Isotopic power fuels research and development. 

t' . 

• 

•• 
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TABLE I 

RADIOISOTOPE PRODUCTION CAPABILITY FOR THERMAL APPLICATIONS 

l> 

., 

IsotoEe ill1 1964 1965 !ill 1967 1968 1969 1970 illl 1972 

Sr-90 (Mc) 3 5 5 .5 10 10 10 10 . 10 10 

Cs-137 (Mc) 1 3.5 3.5 3.5 10 . 10 10 .' 10 io 10 

Ce-144 (Me) 3.5 3.5 3.5 3.5 100 100 100 100 100 100 

Pm-147 '(Me) 0.02 0.5 0.5 0.5 30 30 
.( 

30 30 30 30 

Pu-238 (~) 3 6 13 1~ 24 32' ~6 42 47 51 

Cm-244 (f<g> 
f--J, 

! 0.05 0.1 6 .18 . 40 56 56 58 58 Q 
1 

Cm-242 (f'» 12 80 1000 1000 1000 1000 10,00 1000 1000 

~ Po-210 (~) 20 SO 100 100 1000 1000 1000 1000 1000 1000 

" , . 

I~ 



TABLE II 

THERMAL POWER AVAILABILITY FROM RADIOISOTOPES* 

(Kilowatts/year at Fue~ Fabrication Time) 

,,' 
Isotope 1963 llli .!:ill 1966 1967 1968 1969 1970 1971 !ill -
Sr-90 19 32 32 32 63 63 63 63 63 63 

Cs-137 .5 11 17 17 48 48 '\ 48 48 48 48 

Ce-144 25 25 25 25 700 700 700 700 700 700 
f--J 

P.m-147 0.01 0.2 0.2 0.2 14 14 14 14 14 14 ~jg. 

Pu-238 1.5 3.0 . 6.0 0.5 11.5 15 17 20 23 25 

Cm-244 0..1 0.2 14 41 92 129 129 134 134 

Cm-242 1 .. 5 9.5 ' 120 120 120 120 120 120 120 

Po-210 3.0 7.0 14 ·14 140 140 140 140 140 140 

*Based on quantities of material in Table I on Radioisotope Production Capability for Isotopic Power Applications. 

• • , .. ,. • • • 
~."'r"·_"· - -..,. ..... -~.......,....,.,-............. - .. -.-..-, ~7·' .. _-- '''---', .. '' .... - . .,.,.."".-.-.. ... "'. --.-- - .- . -:' • .J 



Type of 
IsotoEe Decal 

Sr-90 Beta 

Cs-137 Beta 
Gamma 

Ce-144 Beta 
Gamma 

Pm-147 Beta 

Pu-238 Alpha 

Cm-244 Alpha 

Cm-242 Alpha 

Po-2l0 Alpha 

• •••••• 

TABLE· III 

PROPERTIES OF RADIOISOTOPES FOR ISOTOPIC POWER APPLICATIONS 

Material Reguirement for Mission 
Ha1f- . Chemical SEecific Thermal 'Power Mission Curies/Electrical 
life Form Watts/kc ~. Watts/gm Watts/cc Life ~I!:8) Watt 

.. 
28 yrs Titanate 6.5 0.2 0.7 10 4,000 

27 yrs Glass 4.8 0.072 0.22 10 5,500 

28S'days Oxide 7.9 2.3 13.8 1 7,000 
H. 

.0. . 
. '\0 

2.6 yrs Oxide 0.37 0.18 1.0 2.6 108,000 
. 

89,6 yrs Metal 34.5 0.48 9.3 . 10 625 

.184 yrs Oxide 35.0 2.3 22.4 10 840 

163 days Oxide 36.2 120 1170 0.5 1,190 

138 days Metal 31.7 140 1320 0.5 1,550 

\ 

i 
I. 
! 

'tJ 

dli 

.-;," . 
'. ~ . 

'. 
~ ... 
i 



Process 

Production of Ethyl Bromide 

Polyethylene Film 

Crosslinked Polyethylene Wire 
Insulation, Circuit Boards, etc. 

~edical Supply Sterilization 

Goat Hair Sterilization 

. ,," S~rout Inhibition on Potatoes 

~productio~ of Polyvinyl Acetal 
Resin 

Semiconductors 

TABLE IV 

EXISTING COMMERCIAL RADIATION PROCESSES 

Source 

Cobalt-60 

Machine 

Machine 

Machine 
, Cobalt-60 

Companx 

Dow Chemical Co. 

w. R. Grace 

Radiation Application, Inc. 
General Electric 
Raychem (Redwood City, Calif.) 

Ethicon, Inc. 
Hospital Supply Co. 
Becton, Dickinson Co. 

Cobalt-60 Westminster Carpet 'Co. 
(Australia) 

Cobalt-60 Atomic Energy.of Canada, Ltd. 

Machipe Toyo Rayon 
(Japan) 

Machine At least six of the larger 
semiconductor producers 

• 

Volume 

400 tons per year 

1500 tons per year 

$15 million per year 

',80% of USA Market 
(Sutures) 

2,250 tons per year 

500 tons per ye~r 

no estimate 

I--' 
I--' 
o 

15-20 million units a year 

... ' •.. _ .... ",vl' , " t' . 
. ,[. , 
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TABLE V 

NEAR-FUTURE COMMERCIAL RADIATION PROCESSES 

Process Probable Source 

Radiation curing of coatings , Machine 
" 

Textiles Machine 

Wood-plastic alloys Machine 
Cobalt-60 

Sterilization of Medical Supplies Cobalt-60 

Food pasteuriz~tion 

Semiconductor devices 

Food sterilization 

Enzyme sterilization' 

* Nuclear Reactor 

Cobalt-60', 

n- '/ flux* 

Cobalt-60 

Machine 

Potential Use 

Plastic coated plywood panels, paint primer curing 

Dyeability, mildew resistance', fire retardant, water 
J;esistance 

Wood construction, furniture, piling, sporting, equipment 

Bulk packaged sutures, catheter kits, etc. 

, Extension o:f shelf life (fish and fruit) 

Transistors diodes multifQnctional devices 

Military rations (chicken, beef, pork, and ham) 



• 

•• 

Catalyst 

Co,Mo,Ni,S 

None, 
(Thermal Reaction) 

Strontium 90 Radiation 
'. (H2 Saturated) 

Strontium 90 Radiation 
(Not H2 Saturated) 

.' 

TABLE VI 

TYPICAL RESULTS, COAL EXTRACT TO OIL CONVERSION 

T, 429°C., P> 500 psi; Feed) Extract:Tetralin in a 1:1 Ratio with 7.3% Hydrogen 

Yield From Coal Extract,?o 
100 ..; 250°c: Oil 250 .~ 400°c Oil 100 ~ 400°C Oil 

%H in Overall Product 

33.47 17.69. 51016. 10.37 

5.12 9.65 14.77 8.24 
8.55 9.65 18.20 8.24 

8.73 6.79 15.52 7.76 
\---l 

4.82 15.80 20 .. 72 8.00 \---l 
f\) 

5 .• 32 16.30 21.62 8.00 

• , '. •• 
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Compound 

Benzene 

Decalin 

Tetral'in 

Toluene 

Methy1cyclohexane 

Naphthalene 

Cyclohexane 
.1' 

Theoretical 
Limit 
of Tasgin& 

(fc/gm) . 

630 

435 

545 . 

603 

381 

2830 

TABLE VIII 

Degree of Labeling in Six Hours, Compared to 
Ultimate Theoretical Limit 

(T = 230 C) 

Percent of 
Ultimate 
Tagging 

Tagging in Achieved 
Six Hours In Six Hours 

(pc/gm) (%) 

108.2 17._ 2 

31.4 7.2 

542 99.4 

554 92.0 

9.36 4.1' 

1290 45.6 

No exchange tagging. 

. 
Experimentally 
Observed Limit 
of Tassins 

(pc/~m) 

-../ 630 
!-J 
!-J . ;. . • .j:::"" 

. ,-.J 550 

"-' 560 

-; 
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Radioisotopes become avai1ab1ein a number of ways. Megacuries of 

activity result from the fissioning of reactor fuelsj kilocuries such , 

t C 60 d I 192 d' '11" f th iso opes as 0 an r an curles or ml lcurles 0 many 0 ers can 

be made by ,activating targets in reactorsj and small amounts of a wide 

variety of nuclides result from the bombardment .of ,suitable targets in 

accelerators such as cyclotrons. Stable isotopes are concentrated by 

a number of methods, the most imporGant,of whidhareelectromagnetic 

separation, thermal diffusion, and gaseous diffusion. 

In this first issue of "Isotopes and Radiation Technology-, II 

fission products'eparation' and stable isotope : research and development 

are discussed briefly. Cyclotron-produced' isotopes will ,be disc1is·sed:·.in 

,future issues,: along :with additional .det~ils. of these processes and 

material ,on reactor-produced isotopes. 

FISSION PRODUCTS 

When gross amounts of U235 undergo fission, the fission products 

comprise, either as intermediates or as isolatable nuclides, a rather 

sizeable percentage of the known isotopic species. The familiar curve 

in Fig. 11-1 shows the distribution of the isotopic masses and Table 11-1 

lists some of the more important recoverable radioactive products. 

Table 11-2 is of potential interest ~" since it shows abundances of in-

active (stable) fission-product ,isotopesj' some of these, as a result of 

their abnormal isotope ratios, are worthy of consideration for calutron 

charge to prepare enriched stable isotopes.' 

Inherent in the operation of all nuclear reactors are the problems 

of recovery of the fertile fuel and handling of the fission-product 

wastes. In many instances the wastes are being stored or buried. 

• 

• 

• 
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TABLE II-I . ACTIVE FISSION PRODUCT ISOTOPES • . OF HALF-LIFE GREATER THAN 57 DAYS 

Isotope Fission Amount Thermal Neutron 
I$.lf-Life in Cross Section 

Z A Yield, % Nature, % barns 

34 Se79 0.04 4 6.5 x 10 y 0 

36 Kr85 0.3 10.27 Y 0 < 15 

37 Rb87 2.7 10 6.2 x 10 y 27.85 0.14 

38 Sr90 
5·9 . a3 y 0 '"VI. 0 

39 y91 
5·9 58 d 0 

40 Zr95 6.4 63 d 0 

Zr93 6·5 1.1 x 105 y 0 < 4 

41 Nb95m 2.1 4.·2 y 100 

43 Tc99 6.1 2.12 x 105 y 0 

44 Ru106 0.38 1.0 Y 0 • 46 Pd107 0.2 7.5 x10 6 0 

47 Ag110m 2x Id- 7 270 d 0 

48 Cdl13m ? 5·1 y 12 .. 26 

49 Inl15 0.0099 6 x 1014 y 95·77 145 + 52 

50 SnllOm 0.01 275d 8·58 

8n123 0.0012 131 d 0 

51 Sb125 0.023 2·7 Y 0 

Te130 2.0 >2.0 x 1015 y 34.49 < 0.01 + 0.3 

Te127m 0.056 90 d 0 -

53 I129 1.0 . ·7 .1.67 x 10 y 0 11 

55 Cs135 6.2 3.0 x 106 y 0 15 

Cs137 
5·9 y 0 < 2 

• 
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• Table II-1 (continued) 

AmO\ll1t Thermal Neutron 
Isotop~ Fission' . 

Half-Life ·in Cross Section 
Z A Yield, % Nature, %. barns 

58 
144 Ce . 6.1 290 d -0 

60 Nd144 6.1 1.5 x 1015 6.1 4.8 

Nd150 0.74 2.0 x 1015 
5·6 2·9 

61 Pm147 2.6 2.6 Y 0 60 + ? 

62 Sm147 2.6 1.4 x lOll y 15·07 

Sni151 0·5 .73 y 0 7000 

63 Eu155 0.031 1·7 0 14,000 

• 

• 
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TABLE 11-2. A COMPARISON OF AMOUNTS OF INACTIVE _ - - • FISSION PRODUCT ISOTOPES AND NATURALLY OCCURRING ISOTOPES 

Isotope Fission Amount z % csI 3r per Thermal Neutron 

Z A Yield In In 50 ,Kcuries , Cross Section, 
Fission Nature g barns 

32 Ge70 0 0 20·55 

Ge72 1.5 x 10~5 0.6 27.37 0.94 
73 1.0 x 10-4 4.1 7.67 13.7 Ge 

Ge74 3.0 x 10-4 12.4 36.74 0.6 

Ge76 2.0 x 10-3 82.9 -7.67 0.15 + 0.30 

33 As75 8.0 x 10~4 100 100 

34 se74 0 0 0.87 

Se76 0 0 9. 02 

Se77 9.1 x 10- 3 2·5 7·58 40 

Se78 ::2 
5·6 23· 52 3·0 0.4 2.0 x 10 • Se80 8.0 x 10- 2 -49.82 22·3 -12.1 0.03 +0.5 

Se82 0.25 69.6 9·19 37·9 2.0 

35 . 79 Br 3.7 x 10 -2 21·7 50·52 5.6 2.6 + 7.6 

B 81 r 0.133 78.3 49.48 20.0 2.6 

36 Kr78 0 0.354 

Kr80 0 2.27 

Kr82 3.5 x 10- 5 0.09 11·56 45 

Kr83 0.48 13.0 0 72.8 205 

Kr84 1.1 29·9 56·90 .166.9 0.1 + 0.06 

K:r86 2.1 57·1 17·37 318.8 0.06 

37 Rb85 1.1 72.15 227.7 0.05 + 85 

Rb87 27.85 0.14 

• 
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• Table II-2 (continued) 

Isotope Fission Amount, ~ Cs137 per Thermal Neutron 
Z A Yield In In 50 ;X'curies , Cross Section, 

Fission Nature g barns 

38 Sr84 0 0·56 

Sr86 2.8 x 10-5 0.04 9·86 . .].; ... 3 

Sr 87 2.7 42.2 7·02 409.8 

Sr88 
3·7 57.8 82·56 561.6 0.005 

39 y89 4.8 100 100 728.6 1.4 

40 Zr90 5·9 19·1 '51.46 895.6 0.1 

Zr 91 5·9 19·1 11.23 895.6 2.0 

Zr92 6.1 19.8 17·11 925·9 0.2 

94 Zr 6.5 21.1 17.40 986.7 0.07 
96 Zr 6.4 20.8 2.80 971·5 0.05 

• 41 Nb93 6·5 100 100 .986.7 1.1 

42 Mo92 0 15·86 -
Mo94 0 9·12 

Mo95 6.4 27·1 15·70 971·5 13.4 

Mo96 5.7 x 10-4 0.02 16·50 1.0 

Mo97 6.2 26.27 9.45 94l·5 2.0 

Mo98 5·9 25·0 ·75 895·6 0.13 

Mo100 6·5 ·5 9~62 987.7 0.2 

44 Ru 96 0 0 5·7 

Ru98 0 0 2.2 

Ru99 6.1 .6 12.8 925·9 
100 Ru 0 0 17.0 

·101 
5·0 29·2 12.7 759·0 2.46 • Ru 
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Table 11-2 (continued) • Isotope Fission Am.ount z ~ Cs137 per Therina1 Neutron 
Z A Yield In In 50..Kcuries, Cross Section, 

Fission Nature g barns 

. 102 
Ru 4.2 24.6 31·3 637.6 1.2 

'104 Ru 1.8 10·5 18.3 273·2 ,0·7 

45 Rh103 
2·9 100 100 440.2 138.0 

46 Pd102 ·0:_; 0.8 

Pd104 "0 : 9·3 

Pd105 0·9 65.3 .22.6 136.6 

Pdl06 0.38 27·5 27·2 '57.7 

Pd108 0.08 0.58 26.8 12.1 0.07 + 11 

Pd110 '. 

0.02 0.15 ·13·5 3.0 ? 4- 0.04 

47 Ag 107 0.2 87.7 51·35 30.0 30 

Ag 109 0.028 12·3 48.65 4.2 2 + 82 • 48 Cd106 0 1.215 

Cd108 to ','> 0.875 ... 

Cd110 2 x 10-7 0.033 12·39 

Cd111 0.018 30·5 1?75 2.7 

Gdl12 0.011 18.6 24.07 1.6 0.03 + ? 

Cdl13 .0.01 16.9 12.26 1·5 ,000 

Cdl14 0.01 .16·9 28.86 1·5 0.14 +1.1 

Cdl16 0.01 16·9 7.58 1·5 1.4 

50 Sn11F ? 0 0·95 

Sn114 0 0.65 

Sn115 0.01 12.04 0.34 1·5 

Snl16 0 0 14.24 

• 
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• Table 11-2 (continued) 

Isotope Fission Amount z ~ Cs137 per Thermal Neutron 
Z A Yield In In . 50tcuries, Cross Section, 

Fission Nature g 'barns 

Sn117 . 0.010 
Sn-118 0.01 

12.0t 
12.0 2~:64 J-. 

pn119 0.01 12~04 8·58 '1·5 
.' 

Snl20 0.01 12.04 32·97 1·5 0.001 + 0~03 

Sn 122 0.013 15·6 4·71 1·9 0.001 + 0.1 . 

Sn124 0.02 24.0 5·98 3.0 0.75 . 

51 Sbl21 0.014 48.2 57.25 2.1 5·7 

Sb123 0.015 51·7 42.75 2·3 2·5+0.03+0.03 

52 Te120 0 0 0.089 

Te122 0 0 2.46 

Te123 0 0 0.87 

• Te124 0 0 4.61 

Te125 0.023 3.69 6·.99 3·5 1·5 

Te126 0.10 16.05 18.71 15·2 0.07 +0.7 

Te128 
0·5 80.2 31·79 75·9 0.016 +0.14 

Tel30 0 0 34.49 

1127 0.25 100 100 37·9 6.1 . 

54 Xe124 0 0 0.096 

Xe126 0 0 0.090 

Xe128 0 0 1·92 

Xe129 1.0 4·5 26.44 151.8 45 

Xe130 0 0 4.08 

Xe131 2·9 13·0 21.18 440.2 120 

Xe132 4.4 19.8 26.89 667·9 ? + 2 • 
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Table II-2 (co,ntinued) • Isotope Fission Amount z % Cs137 per Thermall'J'eutron 
Z A Yield In In 50 Kcuries, Cross Section, 

Fission Nature g barns 

Xe134 7.6 34.2 10.44 .1153·7 '( + 2 

Xe136 6.3 28·3 8.87 956.3 0.15 

55 Cs133 6·5 100 100 9$6.7 0.016 +'26 

56 Ba130 0 0 0.101 

Ba
132 0 0 0.097 

Ba
134 0 0 2.42 

Ba135 6.2 34.6 6.59 941.1 5·6 

Ba
136 6 x 10-3 0.33 7.81 45·5 0;4 

Ba137 5·9 32·9 11.82 895·6 

Ba138 5.8 32.4 . 71~66 880.4 0.68. 

57 La138 0 0 0.089 • La139 6.0 100 99·9 910.8 8.8 

58 Ce13Q 0 0 0.193 

Cel38 0 0 0.250 

Ce140 6.3 51.6 88·5 956.3 0.6 

ce142 5·9 48.6 11.07 895·6 1.8 

59 Pr141 6.0 100 100 910.8 11 

60 Nd142 0 0 27·13 

Nd143 6·.2 39·9 '12.20 1004·9 290 

Nd144 0 0 .87 4.8 

Nd145 4.2 37·1 8.30 637.6 52 

Nd146 3.3 21.2 17.18 500.9 9·8 

Ndl~8 1.8 \,/11.6 ;5. 72 273·2 3·3 • 
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• Table II .. 2 (continued) 

Isotope Fi,ssion Amount z ~ Cs137 per Thermal Neutron 
Z A Yield In In 50 .,Kcuries, Cross S~ction, 

Fission Nature g barns 

Nd15O ' 0 0 5.60 

62 
,144 

8m 0 0 3.16 

8m147 0 0 15·07 

Sm148 0 0 11.27 

8m149 1.3 76.9 13.84 197·3 50,000 

Sm150 0 -0 7.47 

-152 8m __ 0.3 17.8 26.63 45·5 150 

154 8m 0.09 5·3 22·53 -1:9.6 5·5 

63 Eu155 0·5 ' 76.9 47.77 75~9 1400-7000 

Eu153 0.15 .23.i 52.23 22·7 480 

• 64 Gd152 0 0 0.20 

Gd154 0 0 2.15 

Gd155 0.031 70·9 14.73 4.7, 70,000 

. Gd156 O.Ol3 29·7 20.47 1·9 

Gd157 0.0074 0.17 15·68 1.1 160,000 

Gd158 0.002 0.04 24.87 0·3 4 

Gd160 3 x 10-4 0.006 21·90 1·5 

66 Dy156 0 0 0.0524 

Dy158 0 0 0.0902 

Dy160 0 0 2.294 

Dy161 8 x 10-5 0 18.88 

Dy162 0 0 25·53 

Dy163 0 0 24.97 

• Dy164 0 0 28.18 
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However, the economics of waste management are clearly tied in with 

fission-product separation and recOvery ~ L. An important experiment in-

vol ves the Fission Products Developrilent Laboratory.(FPDL) at .ORNL, 

which was designed specifically to study the feasibility of recovery of 

multikilocuries of potentially useful fission products and to make' them 

available for a variety of uses. At first, was"t~s from ORNLand.1CCP 

were used. More recently, Hanford has been supplying ~hebulk of the 

processed wastes for ORNL to handle. At present the operations involve 

o 01 to and °fo to f C 137 C 144 d Lk1472 prlmarl y separa lon purl lca lon 0 s , e ,an ~lU • 

Strontium-90 is received as a purified feed for conversion to appro-

priate source compounds. 

Fission-Product Processing at Hanford 

The strontium is recovered from the acid waste raffinate from the 

Purex plant by ·precipitation followed by solvent extraction. Strontium 

and the rare earths are first separated by a .lead-carrier sulfate step 

at pH 1.0, the strontium being carried with the lead sulfate as strontium 

sulfate. Tartaric acid is added to complex the iron. After centrifuga-

tion, the precipitated strontium (including.lead) and rare earth sulfates 

are converted to carbonates by washing with sodium carbonate, and the 

carbonates are dissolved in dilute nitric acid. Figure 11-2 indicates 

the essential steps of this phase of the process. 

The nitric acid solution is now treated with oxalic acid to pre-

cipitate lead and the rareearths,.leaving the strontium in solution. 

The strontium fs again preci:pitatedas carbonate to decrease the volume 

of feed to the solvent extraction process. 

• 

• 

• 
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Strontium purification is by' solvent-extraction withdi(2-ethyl­

hexyl)phosphoric acid as the organic extractant. The final product is 

reported to be "virtually free of all radiochemical impurities, and 

cation chemical purities greater than 95% are typical. n2a 

The Cs137 recovery is outlined in Fig. II-3. The process consists 

primarily in passing the centrifuged supern~tant'liquid in, aged Purex 

stored wastes thro~gh a shielded tank filled with an aluminosilicate 

ion-exchange resin (Decalso). The cesIum is sorbed on the resin in a 

form suitable,1orshipment. 

Transportation 

Figure II-4 shows the "portable pipeline" used for transferring 

feed from Hanford to ORNL, Each gondola carries two 500-gal shielded 

transfer tanks (STT's) containing 50 k"curies of Csl37 per cask sorbed 

on Deca.lso resin. The flat bed on the extreme left contains a HAPO 

filter slurry cask with 140 kcuries of sr90c0
3 

powder. A ,HAPO carrier 

CCin ship up to 250 kcuries of sr90cO} as a ,dried p~wder on a metal 

filter. 

A cutaway of an STTcarrier and its strengthened contai~ent 

,features is shown in Fig. 11-5. 

With 400 gal of Decalso resin. 

The cask weighs 18 'tons and is loaded 

The limiting factor on Cs137 shipments 

is the 4 in. of lead shielding, which holds the loading to 50 kcuries 

of Gsl3T :per cask. Upon arrival at,ORNL, the fission products are han-

dIed in the FPDL. , 

l,i'ission Products Development~aboratory 

The fission product research and development work leading to con-

struction of the FPDL b,egan inl948 with investigation of a number of 

• 

• 

• 
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• 

• Fig. 1I-5. o~ LR' DWG 63529 
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methods for removing long-lived fission products from waste solutions. 

Fission products were first separated in curie quantities in laboratory 

glassware by ion..;.exchange processes. Later, hundred":Gurie qUantities 

were separated in small stainless steel vessels. Finally, in 1958, 

the FPDL faciii ty went on stream to separate ki1:.ocurie amounts of Cs137, 

Sr90 , ce144, and Pni147 from Redox- and Purex-type waste streams. 'This 

program.was successfully demonstrated during the first 2 years of 

operations. In order to meet the requirements for preparation of large­

scale heat sources during the past. 2 years,concentrated feed materials 

have been shipped .from Hanford .on a megacurie-per..;.year basis • 

. Figure 11-6 shows a c"\ltaway of the FPDLwith .its manipulator cells:, 

wet chemical process cells, analyticaI cell,.tank farm, and associated 

equipment. The plant.isdesigned for complete processing -- from a' 

liquid waste stream to an encapsulated solid product ,that can be shipped 

directly to the user. Seven hi~h-Ievel manipulator cells used for prod-

uct purification and encapsulation contain equipment ,for precipitation, 

filtration, calcination, blending, weighing, pelletization, sintering,. 

and welding. Two.low-activity-level manipulator cells'are available for 

sampling fission product.solutions and process control techniques. Eight 

wet chemical process cells are equipped'with sta~nless steel piping and 

to permit a variety, of unit operations such. as precipitation, 

centrifugation, filtration, crystallization, decantation, evaporation, 

and solvent extraction. 

Recently, amegacurie storage system was installed in the FPDL 

facility by separating the plant.into a three-product system and adding 

an additional powder storage well. All HEW feed material is now 
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• Fig. I1-6. ORNL LR DWG 10845 
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unloaded here. 

Production. During the past two years FPDL operations have been.' 

concentrated on a two-product stream of Cs137 and Sr90 • The feed mate-

rial was obtained from Hanford and then purified to product fo~ •. 

Cesium-137 chloride production exceeded 250 kcuries, and a' 27-kcurie. 

cesium glass source was produced from thts material.. . T~ble 11-3 irtdi"", 

'cates the quantities of SrTi0
3 

produced for theBNAP-7 program. The 
. .' 

Weather Bureau17-kcurie source was produced asa prototype in FY-196l, 

and the program proceeded rapidly to tne production of the 224~kcurie 

SNAP-7D source for the Navy. 3 ScaTeup from ·17 to 224 kcuri~s r~qi.lired 

addi tional man-days of labor, but no changes in the operat,ing procedure·. 

Astepup to l-Mcurie sources can be accomplished at the FPDLwitn no. 

changes to the facility or to ,its .handling procedures. 'Flowsheets for 

S 90 Cs137 and Ce144 t d· F·· II 7 11-8,· and 11-9. r , . , are presen e .1n 19S • ~, 

Strontium-90. The product ,of the Sr90 process is SrTi0
3

0fspecific 

activity from 30 to curies/g. It is stored in'IO-kcur~e lots in 

stainless steel storage cans inside a. cooled storage well.' When needed, 

·90 the dry Sr Ti03 is formed into pellets and stntered at.1400°C to yield 

pellets 0.25-3.5 in. dia. The finar pellets, with densities of 3.5-4.0 

g/cm3 and activity concentrations well in excess of 100 curies/cm3, can 

be encapsulated.in welded stainless st""eel containers. 

The current feed material for the process is highly purified 

S~90C03 obtained from the HAPO casks by water slurrying followed by 

dilute nitric .acidrinsing. This material is radiochemically pure and 

contains a .few percent Ca and Ba. The slurry is treated with HN0
3 

to 

yield .a s~90(N03) 2 feed solution. At ,the FPDL there is storage capacity, 
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for 3 Mcuries of s~ch solution. 

From40'-kcurie batches ,strontium carbonate is precipitated in the 

manipulator cells by ammonium carbonate in the presence of 5-10% ·excess 

solid Ti02. The e~cess Ti02 provides a powder th~t can beea~ily pel­

letized. The precipitate is filtered off and' the ·s~co3 .. Ti02 mixture:is 

calcined at.llOO°Cto yield·SrTi0
3 
.. The specific activity, of. the proq.uct 

depends on the amount of excess Ti02 ~nd the concentration of ot~er 

alkaline earths in the feed. 

Strontium .. 90 can be converted to sr90Ti0
3 

ata rate o'f 100 kcuries 

per week, the annual production being dependent on t~e~vailabili~y of 

feed material. The preparation rate for 'pellets varies.withthe pellet 

size, encapsulation method,and nuniber of pellets ()fa given type. 

Cesium-137· Assay of tlie us~l Cs137CIPf.9"d:uctfromthe'FPDL' shows' 

approximately 26 curies/g, compared to a theoretical specific activity 

of 26.4 curies/g. ' The mass distribution of cesium'isotopes in this 

material is 45.5' atom % Cs133,' 16.8 atom % cs135 , and 37.7 atom, '1r:csf D7 ., 
. . 

Traces of aluminum, iron, and nickeT'are present, ·as well as small 

amounts ofirubidium. The dry powder can. be stored, for extendedp~riods 

in stainless f?teel containers with no attack on the·storagecantf.; it can 

be weighed and handled by standard manipulator procedures. No signifi­

cant tendency;t~ward water adsorption has been found •. The Cs137 may 

also be incorporated in a glass with specific' activity of about·.14 curies/g. 

The glass can be cast ,into pellets or other shapes and then encapsulated 

in welded stainless steel. 

Feed for the C6137 process is obtained by eluting cesium from the 

STT Decalso beds with 5'!i NH4N0
3 

at 80°C. This solution is stored in . 

*See report on cesium sources, p. 



underground tanks~ich have storage capacity for as much as 500 'kcuri~s. 

The STT's are rinsed and returned to HAPO with the exchanger in the 

, + 
NH4 form. 

The feed .is diluted to reduce the NH4+ concentration, and the Cs137 

is accumulated by a series of co-crystallizations on·1arge ammonium 

alum beds • When about 50 kcuries of Ci137 has been collected , about 

1 week's operation, the ammonium alum is removed by fractional crystal-

lization and the cesium alum is. transferred to an accumulation vessel. 

In addition to concentrating the Cs137 , the crystallization removes 

traces of the .other radioi~otopes present·. 

Up to. 200 kCUl;'ie's . Of Cs137 as alum ,solution is collected ,in the 

accum.ulationtanks, and cesium tet'raoxalate is crystallized . from it in 

""70% yield by addition of oxalic acid. Since the filtrate is recycled 

to the mainstream operation, losses are negligible. The. tetraoxalate 

is dissolved in water and the solution transferred in batches to the 

final purification cell where oxalate is' crystallized again, and the 

filtrate is again .recycled to the mainstream. The crystals are cal-

cinedin air at 300°C to yield dry powdered cesium carbonate. This 

particular form is ideally suited for conversion to any other product 

.form, since it is readily soluble in .acids. 

Dry, powdered Cs13701 is now prepared in 50-kc.urie batches by 

reacting the cs~37C03 in a water slurry with a slight excess of hydro­

chloric acid. This operation is done in glassware .in a manipulator cell. 

The Cs137Cl solution is filtered, and the filtrate 'is evaporated .in 

tantalum equipment to yield the dry salt. The powder is baked with 

constant stirring at 300°C for 4 hr to remove the last traces of HCl; 

• 

• 

• 
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it is then stored .in·lots :of 10 kcuries each in stainless steel cans, 

which are stored in water-cooled storage wells. In an earlie+ method; 

cesj.um chloroplatinate was precipitated from the cesium alum solution, 

filtered, washed, and treated with hydrazine to reduce the platinum to 
. . 

the metal. The mixture was filtered, the Cs137Cl was'fumed with aqua. 

regia and repeatedly digested with HCl, and the solution was finally 

evaporated to dryness 'to yield Csl37Cl. Because of th~' necessity of 

. handling re,lati vely large quanti ties of HCl and HN0
3 

and ,the time re­

quired for evaporating the acids and recovering the platinum, this 

method has .been abandoned. 

The Csl37 glass is prepared from cesium carbonate by dry-mi~ing 

it with silica ,and other substances and fusing at l200°C. 

The processing rate for the FPDL Cs137 operation isabbut one 

megacurie per year and is dependent primarily on the shipping schedule 

for the feed. Four shipping casks are presently in use; each will 

transport 50 kcuries per shipment. One shipping cycle requires eight '. 

weeks. 

Cerium-l44. The cerium product is sip,tered pellets' of ce14402, 

with a density of 5.5 g/cm3 and an activity concentration up to 300 

curies/g. 

The feed to the 'Cel44 process is a ,double sulfate of cerium and 

other rare earths, which is shipped as a dry solid ~n shielded filter 

casks from HAPO to the FPDL. Single shipments of 500 kcuriesof ce144 

can be made. 

The solid cake is removed from the casks by slurrying.with water 

followed.by rinsing with HN0
3

• The slurry is dissolved .in HN03, and 
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Ce144 and other rare earths are concentrate~ by precipitation as the 

oxalates. A 1 .!:! HN03 solution of these oxalates is fed tp the, first 

solvent ,extraction cycle, in which y9l . and stable Y isotopes are ex~ 

tractedinto 0.5 '!:! di-3-ethylhexyl phosphoric acid and discarded. 

CeriUm 'i,n the aque<;?us phase is oxidized to Ce(IV) by KMn04' extracted 

into 0. 5'!:! D2EHPAinArnsco*, and t4en reduced to, Ce (III) with H202 and 

stripped wi tn 2 '!:! HN0
3

. From this solution cerium oxalate is precipi;;'; 

tated .in20-kcurie batches in the ID?nipUlator cells ,and calcined to 

Ce02"' The .oxide is pressed'intopellets. 

Promethium-l47. The aqueous phase from·the second solvent ex­

traction cycle, in "WIli'ch . cerium is recovered,. cont~ins. Pnil47 and stable 

rare earths. ,These are precipitated as tne oxalates and ,dissolved in 

HN0
3 

to yield a feed solution for tEe ion-exchange separation of Pml47 

whenever the latter is needed. I 

Waste Processing. The FPDL does no-E'- currently pro~ess raw acid 

wastes; however,. the facility retains the'> abili ty to handle· such feed 

streams. Both Redox' and Purexi;:.ypes·of waste can be processed. The 

Csl37 is removed .from the feed ptreamby co-crystallizat~on on .ammonium 

alum, and t;he other fission products are then concentrated by a series 

of precipitations at high pH with .iron as.a carrier (magnetite precipi­

tation). The magnetite. precipitates are Qissolved ~n HN0
3 

and.the 

fission 'products are separated by a series of contr'olled-pH pr,ecipi ta-

t · . th NH' Ft· ' t .. R ,~06 F . C i44 th d lons Wl . 3' rac lons con al.nlng. u . - e, e -rare e,ar s, an 

'90 Sr are obtained. After further pur·tfi cat ion and concentration, t4e 

final products are processed in the manipulator cells. A processing 

• 

• 

*Amsco-125, boiling point rang'e 342-404 of. ' • 
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rate of 500 gal Of acid waste per day can be maintaineq •. 

Maintenance and Containment. The FPDL facility was. designed to 

permit direct maintenance, and all high-actIvity-level cells a.re ·entered 

through top piug :openings. Thevari:ous t'echniques .that haveevolv~d for 

removing major 'equipment ,such as agitators allow a.semiremote mainten~ce 

system and .·limi t the cell downtime to amaximum.of5 days •.. Major piping 

revisions are made by' 'personnel in plastic airline suits supplied with 

chilled .air to increase the wo~king time to the maximum'allowable from 

the radiation standpoint. Cont~ination control on personnel leaving 

the FPDL . cells has been greatly enliancedby washdowna.n:d rem.oval of the 

suit at the cell entrance. Since standard mohi to~inginstru:mentation·· . 

can detect ,only large quantities of beta ehdtters such as Sr90 or Ce144, 

maximumprote.ction is given to personnel in all.suspectaI;'eas. 

The containment philosophy used.in the FPDL facility:i.s shown in 

Fig. II-IO. The 4 ... ft concrete cell walls foI'lIl the primary containment. 

layer and are heldatl.5 in. negative wa-cer pressure under normal cpn-

di tions. The building wall forms the secondary cOI.ltainment 9hell and . 

is under a slight negative pressure during normal operations. All air 

entering the,building·is absolute-filtered, and air leaving·the cells 

is absolute-filtered before entering the ORNLcell-ventilation system. 

In an emergency, high-velocity air monitors signal an alarm which 

actuates the automatic containment system. The fan shuts down, inlet 

air dampers close, an additional .cellventilation damper'opens, and the 

building ,pressure is reduced to 0.5 in. negative water'press1)Xe in.less 

than 10 sec. Under these conditions the cells are held at 0.8 in, 

negati ve water pressure with respect to the building •. 
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STABLE ISOTOPES . 

Although .popular conception of the atomic energyprograITlassociates 

the isotopes business with the glamorous "twinkling t;lt·oms, " the increas-

·ing importance of separated stahle isotopes should not be overlooked; 

these silent partners p,lay a rather important role in the ov~rall appli- . 

cations program. Figure CI shows 'the·growth of the.prograIIl·as indi":,, 

cated by the number of annual shipments since 1946. 

Most stable isotopes are separated in production-type electro- . 

. * magnetic devices called "calutrons," or to.a limited extent by other 

methods, including thermal diffusion, centrifugation, and co~ter­

current fused salt migration. By. far. the most versatile of .these is· 

the calutron. 

History 

Since the replacement o~ the electro~gneti~ process for separat­

ing U235 fromU238 by the gaseous' diff1,;!.sion method in ·~946·, a small 

part of: the original electromagnetic facilities at ,Oak Ridge: has been 

.kept in operation specifically for the separation of enriched sta;ble 
. . . . 

isotopes. Associated with the separations bas been a .develo~ent 

program for improving the efficiency of the separation.processftself, 

as well as continuous efforts to improve the chemical procedures involved 
.. . 

. both in preparing charge materials and in refining the separated iso-

topes. In·1958 an expansion program. was ,started to reactivate a number 

of beta calutrons which had been used for ~35 production .during 

* The term "calutron" designates the production-type. mass spectrometer, 

the term haVing been c.oined at the t.ime of its ·development byE. O. 

Lawrence at the University .of California. 
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World War II. Figure C2 shows the "track" being modified. At present, 

units are in operation, including the original four which have been in 

continuous use, since 1946. The separation capacity has been increased 

markedly; as a result of the larger scale of operation, the separated 

isotopes are, in general, being produced more cheaply. 

The basic principle behind the electromagnetic separation of iso­

topes is identical with that of an analytical mass spectrometer. Both 

depend on high potentials for acceler.ation, magnetic fields for separating 

isotopic ion species, ion sources for ionizing the charge materials, and 

receivers for retaining the separated ions, all operating in a vacuum. 

The notable difference is that the calutron is designed to collect usa­

ble amounts of separated isotopes, while the laboratory spectrometer 

excels as an instrument for measurement. This does not rule out the use 

Of the latter for collecting very small amounts of virtually any· isotope, 

although the collection rate would be very low. 

Figure C3-is a schematic diagram illustrating the electromagnetic 

, separation process. Charged ions are accelerated by voltages of up to 

40 kv. As these rapidly moving, singly charged ions move into the mag­

netic field surrounding the source and receiver, they are deflected or 

"bent," the amount of deflection for a particular field strength and 

potential depending only on the masses of the ions. Thus, isotopes of 

a particular element traverse slightly different paths and can be inter­

c epted in such a way as to accomplish a separation. 

• 

• 

• 
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UNCLASSIFIED . 
ORNL·LR.DYfG.65466A 

~; ~~~~~~~l 
HEAVIER 
ISOTOPE 

. Hev = 'm~2 } . •. . 

. . m' H2 R2 
. e=2"V 

Ve = '/2mv2 .' . . TO" 
. . VACUUM.! 

PUMPS ., 

MAGNETIC FIELD H NORMAL TO PLANE OF FIGURE: 

Fig.C3. · III~strationof the Process of the E;:lectromag-. 

netic Separation of Isotopes. A beam of positively 

charged ions is produced in the ionization chamber and 

passes through slits in the accelerating electrodes, 

where the ions are acceierated by an electric potential 

applied between .theseeiedrodes. The ion beam then 

enters a magnetic field, acting in a directionperpendic­

ular to the plane of the diagram, so that. the ~eam is 

bent through a semicircle. Ina fixed ·magnetic field the 

path s of the particles dep~ndupon the mas·ses . of. the 

particles; the heavier the mass, the les; the deflection. 

. Fig. C5 .Bombardment-Heated So.uree Used 'forCharge 

. Materials Requiring Extremely t:tigh Temperatures for 

Evciporati on. 

Fig. c6. Typical Receiver Pockets for the Collection 

of Isotopes. The slotted pieces in each assembly were 

machined from solid graphite. The spacing between the 

slots depend upon the isotopes being collected. 

Flgc4.A "Cha,"ge Bottlert" Being Placed iri"'Sour~e," Flg.C7. Receiver Pocket Being Assembled. This 

Where the Ions Are Formed Prior to Being' Ae·cel.~;at~d '. 'particular pocket was used for the separation of ruthe-

into the Ma'gnetic Field. enium isotopes. 

• 

• 

• 
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Shown in Fig. c4 is a "source" in which the ions are formed 

prior to being accelerated into the magnetic field. The element 

to be processed (or a suitable compound) is usually evaporated by 

resistance heating of a "charge bottle," and the vapor is subjected 

to an ionizing beam of electrons, which dislodges electrons from 

the atoms, leaving them positively cha.rge~. These ions are now 

ready for acceleration into the magnetic field. T,ypical charge 

materials are listed in Table Cl.' 

OccaSionally, as in the case of the platinum metals, extremely 

high temperatures are required for evaporation, and the heat is 

supplied by electron bombardment of the element. A drawing of such 

a bombardment-heated source is shown in Fig. C5. 

Once the individual isotope beams have been separated by the 

magnetic field, they enter the receiver "pockets" ,(Figs. c6 and C7). 

Figure c8 shows the source arid the receiver in their relative positions, 

and Fig. C9 shows the units about to be positioned in the vacuum chauiber 

and the magnetic field of a calutron. 

Various receiver-pocket materials maybe used, depending on 

the element being processed and the ultimate chemistry involved in 

recovering the separated isotopes. For example, silver receiver 

pockets are used to collect mercury, which amalgamates with the 

silver, improving the retention. Graphite is used most frequently 

since the carbon can be burned in oxygen, leaving the residual oxide 

of the collected is~~pe. Copper is used in cases where simple 

leaching with dilute acid is feaSible, as with calcium. 
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. Elem~nt 

Antimony" c ... 

Barium 

. Bromine 

Cadmium 
, . 

Calcium 

Cerium 
.. . , 

Chromium 

Copper . 

Europium 

Iron 

. Lead 

Magnesium 

Mercury 

Table 1. Typical Charge Materials 

Charge Material 

. Sb, Sb20
3

, Sb2S
3
, Sbl

3 

Ba, BaCl2, BaBr2 

SrBr2
a 

'. CdCl2,CdBr2, CdI2; Cd 

Cat CaCI2; Cal2 

CeCl3 

CrCl 3 

CuCl2, Cu2Cl2 

EuCl
3 

FeC12; FeCl
3 

PbC1 2; PbI 2, (C2",)"Pb 

Mg; MgCl2, MgBr2, Mgli 

"gCI2; HgO 

Element 

Nickel 

Platinum 

Potas~ium ' . 

Ruthenium . : 

Silicon 

Sil~er 

. . Strontium 

Tellurium 

Tin 

Titanium 

Tungsten 

Zinc 

Zirconium . ' 

Charge Material . 

NiCl2, Ni(CO)" . 

Ptb 

KI, K, KBr, Kel , 

Rub 

SiCI" , " 

AgCl, Ag.AgBr; AgI 

Sr, SrBr2 

Te02;T.e; TeBr" 

SnCl2, SnC1". 

TiCl" 

WC16• WBr6, WF 6' W03 
Zn 

ZrCI" 

aStrontiuin is also collected. 
bElectroD bombardment source. 

Unfertunately, all the iens that enter a receiver pecket 8rre net 

retairied. Seme of t~em beunce out again befere "sitting down." 

Others~ by physical erosien .or by evap.oratien, dislodgeseme .of the 

material already c.ollected. As a res'l,llt,: the amount of material 

actually retained iri .. the receiver pocket may vary from 10% for some 

antimony and magnesium runs to~99% for seme platinum runs. As a 

matter of fact, from 1946 te1956', .only · 56% .of the iens entering 

receiverpeckets were retained as separated isetepes in the ORNL 

separaters. 

Table C2 lists the isotepes .of several elements and includes 

typica~ data to shew .operating para~eters . and results .of the separa- ' 

I . 

. 

I',.~·.-,· · , 
~ . 

r 

.. .. 
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Table C20 TYpical Qperating Parameters and Results of Isotope Separations 

Average 
Beam Natural Enriched PrOduct 

Current Receiver Abundance Abundance Recovered 
IsotOJle {mal Pocket (%)" (%) (mg!hr) 

coPPg~ 100 Graphite 30 
Cu 69 .. 0 9909 
Cu65 31.0 99.6 

Iron 100 Graphite or 100 

Fe 54 
copper· 

5·9 93.8 
Fe56 91.6 99.8 
Fe 57 2.2 85.0 
Fe58 ·0033 7500 

Platinum 9 Graphite 25 
190 0.012 0.8 ~192 0.78 .13.8 

pt194 32.8 65.0 
pt195 33.7 60.1 • pt196 2504 65.9 
pt198 702 60.9 

Potassium 30 Copper 10 

~ 
93·2 99·9 
0.012 7·7 
6.7 99·0 

Silver 45 Copper 50 
Agl07 51.4 99.0 
Ag109 48.6 99 .. 2 

zinc
64 

40 Copper 40 
. Zn66 48,,9 9908 

Zn 27138 98.8 
Zn67 4.1 92.4 
Zn68 1806 98.5 
Zn70 0063 78.3 

• 
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Table C3 shows the results of modifications in operating techniques 

as exemplified by higher grade products. Some of these improvements are: 

1. Better feed materials: higher purities, e.g., removal of the 1% 

Sr in ordinary Ba feed to decrease sparking; and better evaporation 

characteristics, e.g., the use of completely anhydrous FeC12 , pre­

pared by fusing and outgassing commercial-grade FeC12 • 

2. Refrigeration of vacuuIll'~chamber walls to lower the vapor pressure 

of unresolved charge material that has been evaporated into the 

system. 

3. Use of dual filaments in the source. The operating time between 

shutdowns is increased by having a second filament ready to 

operate when the first one burns out. 

4. 

5· 

Introduction of an electrom bombardment source to increase the 

vaporization (and hence beam current) of low-vapor-pressure 

charge materials such as the platinum metals. 

More monitoring methods. Continuous and manual 

control of operating parameters is essential to good -separation. 

This control is 

monitoring 

fluctuations. 

dependent on the sensitivity of the 

and the ability of the oper.ators to discern 

6. Improved design for better retention; improved 

geometry and increased cooling; and sputtering receiver materials 

onto cold surfaces, thereby improving retention and reducing 

contamination. 



Table C3. improvements In. IsotopiC: Purities 

Natural Enriched Abundance (%) 
Isotope. Abundance· . 

Original (,;) . Improv~d 

Ag 107 51.4 ·88.9 (1946) 98.8 (1955) 

Ag109 48.6 , 95.8(1946) 99~9 (1955) 

Eu151 47.;8 78.7 (1955) 97.8 (1956) 

Eu153 52.2· 86.4 (1955) . 99.9 (1956) 

Fe54 . 5.9 42.8 (1946) 92.7 U954) . 

Fe56· . 91.6 .98.7 (1946) . ·99.7 (1954) I-' 
\J1 

. Fe'7 
0 

2.2 56.1 (1946) 72.6 (1954) 

;Fe Sa · 0.33 22.0 (1946) 81..5.(954) 

Cu6J . (j9.0 97.0 (1945) 99'.9 (960) 
·65 

Cu 31.0· 93.1 (945) 99.6 (1960) 

Table c4. Second.Pass Separations 

Natural First-Pass Second-Pass Abundance of Undesirable Isotopes 

Isotope Abundance Enrichment Enrichment 
(ppm) 

(%) (%) . (%) After 1st Pass . After 2d Pass 

Fe'6 91.6 .99.7· 99~987 3 xl03 130 

Cr'2 . ·83.7 ·99.5 99.97· 5 X 103 300 

Li6 . 7.5 95.3 99.999 4.7 xl04 10 

• • • 
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As' knowledge applicable to recove~7 proble:ns ilLS B.ccUInulated 

, through experimentation iri various separation groups, tneretention 

of isotopic material )lasgradually increased. Over the past tvTo,-year 

period, retention has averaged &:J'/o. The net gain in retention cannot 

be attributed to anyone single factor but represents the combined 

effects of engineering features incorporated to offset the losses 

associated with the ~puttering ~f receiver 'pocket walls and the low 

retention of ~sotopes on surfaces struck by ions. 

In same investigations into retention problems ion currents 

associated with the more abundant isotopes and relatively 

high current ,dens'ities have been used. Several studies have recently 
11 

been made with a less abundant isotope, Ca46 (~tural abundance 0.0033%)'. 

Investigations have used the Ca46 ion beam at a current density Of' only 

0.22 pa/cm2 ,on graphite, copper, and crystalline copper having the, 110 

and the 112 cr,ystal faces s~t pe~~endicular to the incident ,ion beam. 

The amount of ca46 striking the target surfa~e was ~o~itored)and 
46 ' 

quantities and purities of Ca recovered fram the tHrget area and 

from the pocket area were determined. In Fig. CIO th~ ~uantity and 

46 
purit~' of Ca recovered from the surfaces of targets made ~f normal 

coppe";-, purified graphite, and a 110 copper crystal are Cc.~~~9a.red. The 

;lrity of samples recovered from each surface is essentially constant, 

~ut th~r~ appears to be more Ca46 retained per 'unit area on graphite 

than on either copper or a 110 copper crystal. In Fig. C-ll the 

isotopic purity a.~d the ratio of 'wanted to unwanted isotope are 

compared to show equality of target materials from ttis standpOint • 
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In fig. C-12 the isotopic purity of Ca46 recovered from the 

target area is compared ,\-lith that recovered from the pocket area. 

Extreme differences in purity are noted, and in every determination 
46 . . 

the Ca recovered from the area struck by the beam is of higher 

. purity than that recovered from the pocket area. In Fig. C-13, 

where the ratios of wanted to unwanted isotope in the recovered 

'samples are compared, the trend noted in the previous data is again 

supported; namely, a better quality sample is obtained by selectively 

recovering the material from the area struck by the ion beam. 

Although there are insufficient data to prove that oriented 

copper C~Jstals have an advantage over other collector materials, 

t['.ere is scattered evidence that they offer some, even if slight, 

i~provement •. The actual processes producing s~ch improvement are 

not yet understood, out they.are suffiCiently ~portant to warrant 

further efforts to establish definite conclusions. 

A special collector has been designed and is currently being 

used in the calcium separation to determine saturation values for 

46 Ca on various copper c~Jstals. The receiver is constructed so 

that four different targets can be mounted 'on a rotating holder. 

The holder rotates 90 deg, holds for a few minutes, a~d then repeats. 

Each target is thus in position so that the beam s·~rikes it normal 

to its surface for 6 min of each rotation. Since operating condi-

tions vary from run to run, this tecr.J1ique provides comparative 

data that are independent of operating conditions for different 

receiver materials. 

• 

• 

• 
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, " 

These investigations 'are to be e'.iCtendedto include copper 

crystals of' various orientations and other materialssuitaole, t,or 

use in receiver construction or targettormation. ,As backgroUnd 

knowledge of sputtering and saturation values increases, a continued 

upward trend, in retention is ant.ici}?8-ted along with the increased 

purity attainable through selective sample recOV\ery. 

Taple c4 lists isotopes that have unde;rgone "second..;pass tI 

separations and shows original, 1mtermediate, and'final enrichments., 

The receiver design is usually modified slightly to favor the 

'wanted isotope. 

The procedures for chemical recovery usually involve rather 

straightforward inorganic techniques. Lead"to:cexample, is 

recovered by leachin~ copper receiverpocketswith:':::~03.' ele~tro­

de:positing the lead at the anode as Pb02, q,issolvingthe, Pb02 in 

hot HN03 and 11202' and fina.lly crystallizing' high-p~rity Pb(N03)2 " 
. . . , . 

from 85% HN03• Copper is recovered by igniting the,' graphite 

receiver p~ckets in .oxygen, dissolving the ash'in HN03" and 
. . 

electrolyzing the copper. This cop~eris then redissolved in 

HN03" precipitated with cupferron, and ie;n'ited to CuO. 

Silicon is collected in graphite. The resulting· silicon 

carbide, along with the pocket, is burned in oxygen, and ·the SiOs. 
" , ,~ 

residue is fused with Na2C03. ' The melt is then dissolved in water, 

and. Si02 is precipitated by acidification a.nd digestion '1.rith HCIC·.:. 

The chemical recovery of rare ~arths often involves ion exchE.J:lge 

purifications to remove adjacent rare-earth impurities. Even then, 
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shO\-TS the e1eiEents sep'::;-rateo. in the ;;/ears 1946-60. 

One of the most significant contributions of this phase of the 

isotopes program is the use of enriched stable isotope targets for 

the production of radioisotopes. Sho~er irradiation times, higher 

specific activities, B.l:ld.freedom from undesirable extraneous activities 

are characteristic of radioisotopes prepared~·by bombardment of 

separated stable nuclides~ The decreased extraneous activity usually 

results from both increased concentration of desired target nuclide 

and &ecreased concentration of undesired target nuclide. Table C7 

lists a few of the enriche~ nuclides used for radioisotope production, 

along ,.,ith informa.tion to Sh01., the advantages of using these targets 

rather than normal·material. The same advantages a.pply with respect 

to cyclotron-produced radioisotopes. 

These advantages are illustrated nicely by Ca47 . When 

prepared from the 0.003% Ca46 in normal calcium, the 4.5-day 

isotope is completely overshadowed (by a ratio of about 25:1) 

by the l64-day ca45 produced by irradiation of the 2.1% Ca44 

also present.· 'However, if the Ca46 is enriched to, say, 30%, the 

ca44/ca
46 

ratio is reduced to about 1:5, and the resulting 

Ca45/ca 47 ratio becomes about 1:125; t~us a useless product '(Thich 

is 96% undesirable Ca 45 can become a very useful product ,.,hich 

is 99% ca47 • 

" 

• 
", 

• 

• 
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Table c8 ShOllS some typical uses for stable nuciides. 5 

A recent bibliography covering these and other applications is 

included in ORNL-3266. 6 

Table C5'~ Typic:aIProduc:tForms. 

Elemcr.t Product Form . Element P~oduct 

Antimony Sb Nickel -NiO;' Ni 

Barium Ba(N0
3

)2; BaC0
3 

Platinum Pt 

Form 

Bromine AgI3r; NH~Br Potassium KCli K2S04 .. 

Cadmium CdO; Cd .Ruthenium Ru 
Calci .. ;";: . CaC03 S~:icon SiO'

2 
. 

Cerium Ce02 Silver Ag; AgCl 

Chromium Cr20
3 Strontium SrC03; Sr(~03)2' 

Coppe: CuO; Cu Tellurium .Te. 

Europium Eu20 3 rin Sn02;$n 

Iron Fe20
3

; Fe -Titanium Ti02 

Lead PbCO 3; PbO; Pb Tungsten \'('0 
3" 

Magnes;um MgO Zinc ZnO 

~fercury Hg(N03)2; Hg Zirconium Zr02 
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1947 

1945 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

.1960 

1961 

Ta.ble c6. Ei"'i;,cnts Sc:pvro:.:!c! D:Jrin!J the Years 1946- .62 

Bra, Cda , Caa , C ll
, Cra , Cu", Ina, Fea , Pba , Lia• Mga , Moa , Nia, Kat Sea, Si", Aga , 

Sra , Sna , Zna , Zra 

Sba, aa, Cd, Ca, Cu, Gea, In, Fe, Ph,Li, Mg, HSa , Mo, Ni, K, Se .. Sit Sr, Tea, TIa , 

S~~.Z~b . 

Baa, Ca, Ce, CIa, CUtIn .. Fe, Pb, Lit Hg, Ni, 0, K, Rea, Se, 5", Sn, W, Zr 

B, Ce, Cu, Fe, ·Laa • Li, MS, fig, K, Se. Si, Ag, Te, So, Zr 

Bt, Ca, C,.Cr, Gall,Ht', In,.Fe, La, Pb, Lit Nda , K, Rba , Sma, Sr, S, Ti, W, Va, Zn 

Ca, C, Ce, Cu, Fe. Li. Ni. Sm, Se, Sr, Te, V 

Ba, B. CI, Get Ph,. Li, Mo, Nd, Si, S, Sn, Ti 

B, Gd", Hf, Ira, La~ Li, Nd, Pda. pta, K, Rua , Sm 

Ca, Cr, Cu, Fe, Ni, Rb, Taa, Zr 

Ba, Br, Cr, Lit MS, Mo, Na, Sm, Ag. Sr, S, Te, Ti, W 

Sb, B, Cd, Ca, CI, Cu. Dya, Eua , Ge, Pb, Li, Pd, Pt, Re, Rb, Ru, Si, TI, Sn, Zn 

Fe, Ir, Ti, Cr'. C,Er~, Se. 

V, Yba , Lua, Ca, K, Ag, Cu, Hf, C, Se, Mg, Gd 

Rb, Bi, Ti. Hg, Sr, Nd, Ni,Cu, Ge, Sm, Zo, 10, Ba 

Pb, Cr, Osa, Ta, Cu, Fe, Ga, Ni, Cd, Zn. K, CI, Si~ Bt 

Yb" Zr, Cl, Mg, Sn, Sm, Ni,W, Gd, Lu, Ti, 
Ta, Hi", Ca, Mo, La, Re 

Hd, 8i, Ca, Sr, Er, Fe, Te, Cu, Ta, Yb, Cd 

Bseparated for the first time. 

rIOl'E: In a nuniber of instances" an element was separated more' than 
once in the same year • 

• • 
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,T~ble C7.' Enriched Sts.b~eIsotopes Used i~ Radioisotope Prodtictlon, 
.. 
Radio- Target ,Rer:cent Abundance Advantaf$es, 

"Isotope Nucli"de 
' , ' 

'b'" 'Normal, Enriched AS. B ' 
I, 

Cd .... 109 ,Ccl~108 0.88 70 '80 Cd-1l3: 400 
Cd .. 1l5: 550" 

-, 

Oa-45', C8.-44 "2~1 ",98 47' ... aM!It'~"'~, .. ' .. ~'. 
ce.-,47- . ,Ca-46 o.oq,' 30 '/io,OOO 'Oa-45': " 000' 

, " , 

Cr~51 Cr-50 ' 4.) 95, 23 ,...- .. -,: ~,' ..... "., 
'Fe-55 ·,'Fe ... 54 5.8 98 17 ,Fe,. 59': 18 000" 

, ,~ , 

, Fe-59 Fe-58 0.31 76 g50 ,Fe-55: ,2,500 , 
" 

Ni~63" Ni,-62 ,;·7 98 25 ,~i .. 59: 2,500, 

. Sr-85 sr-84 0·55 54 ,ioo sr-89: ;00' 
,a""" ' , ' .. ", ,,', ', .. ' ",', ".,: 
, 'A :::.The approximate factorbywhichsp'ecif~c ,a,ctiv1:ty can be in­

creased fora. given irradiation time ,or by which irradi~tion time,' can ' 
be decreased for a g1 ven 'specific ,activity. ' , , .. ' 

, , 

bE = Theappro:x;1mate factor'by:wh1ch theconcen~ratiolf of an 
extraneous (unwanted) rad10nucl:.ide is reduced:relativeto'the:des1red 
nuclide. ' 

" 
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Table 0'-:8.' * TYPICAL USES FOR ENRICHED STABLE ISOTOPES 

Target materials forpreparin.g high-specific!"'activity radioisotopes 

in reactors ~d in accelerators. Enriched targets not only increase 

the number of activations per unit time of irradiation, but also reduce 

side activities intro~uced by other isotopes. Calcium-44, Cr50, cr54, 

Fe54 , and Fe58 are examples of enriched isotopes ~sed in producing 

radioisotopes. 

Studying the· isotope effe?ts on bulk properties, of elements. 

Specific heat, density, and the·like have been studied'forLi6 and Li7; 
, ' 

the isotopes 'of lead, mercury,and tin have been investigated in con-

nection with superconductivity; Ni58 and Ni60 have been used to study 

the isotope effect on linear expansion. 

Physicochemical studies, such as reaction kinetics and self-

diffusion. 

Starting materials in assigIling masses to artificially produced 

radioactive isotopes. The results'of a mass spectrometric analysis of 

irradiated material can be positively correlated to an activity only 

when the target material is mononuclidic. More than 100 such mass coIi-

firmations have been made in this way. 

Isotope dilution analyses. Traces of enriched K39, K41,and ~5 

have been used in fertilizer uptake studies; K4l in geologic age 

determi~ations; v50 , Fe54 , and Ni62 in estimating trace impurities in 

crude oils. 

Studying naturally occurring, low-abundance rad:;i..oisotopes such as 

K40 , Sn124 , Rb87 , andSm147. It is much easier to evaluate the proper-

ties of these isotopes using enriched material than it is using the 

• 

• 

• 



• 

• 

• 

normal element. This, is particularly true in the c~se of th~ double-
, " '40 

'beta-decay studies Of K , • 

Preparing calibration standard$ for mass spectrometers. "Blends" 

of various concentrations of essentiallypu,renuclides provide reference 

standards. An example is mixtures of enriched Li6 a,nQ.'Li7 to give,S. 

complete range of relative abunda~ces. 
, " . ~. 

, '. . 
Preparing radioisotopes for stUdies of, deca.y,schem.es,and chara.cter-

'. 
istic radiations. Numerous highly enriched nuclides 'have been ,activated, ' 

and the investigators have' thereby been'spared the tremendOUS "confusion 

wnich results fromt:rying,tounscramble the decay schemes of several 

species which are disintegrating sim\lltaneously. 

Medical use. Gallium-71 has been used, in bone ... cancer s,tudies; 

K40 has been used in' tissue stUdies of, malignant "lympho~. 

Sources of monochromatic light for optical calib~ation. Wavelength 
I 

standards are preferable when uninfluenced by a.p.yisotopeef'fect,due 
. . .,... . .,", 

to isotopic impurities. Ca<tmium-li4, ~198, and Hg202 'have be~n'used 
, :',', 86 

, as standards. The orange-red wavelength of Kr, h~s been made the 'basis', 

for the official definition 'Of the meter. 7 

Optical studies of isotope shift, hyperfinesttu,cture, and nuclear 

spin. Hundreds of publications on these ,subjects exist. 

,Measuring neutron absorption, scattering, and total' cross section. 

This probably involves the most concentrated efforts at the presep.t time, 

using enriched samples of almost all the stable isotopes. 

"Pushing back" the·limits of natural abundance'of,certain,isotopes. 

By analyzing material collected in the position for a "nonexistent" 

isotope, it is possible to ascertain with moreassura,nce the'lower 
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limits of possible abundance of a particular species. This has been 

167 172 210 : done for Yb, ,Er ,and Pb .r • The technique has also been used for 

TalBO tohe.;Lp ass~gn ap actUal'value of abundance to an isotope pre-

viously thought to be nonexistent. 

Spectrochemical st~ndards. Spectrochemically pure'Ca40 is re-

covered. from theelectromagnetic,separSrtionof calcium isotopes • 

. * . With minor changes, reprinted with permission from·Ch~m. Eng. News 
37(5)= 64 (1959). . 

During the first ten years of the ·electromagneti.c separations pro-

gram, nearly one fourth of the. isotopes were used to determine energy 

·levels and .another one fourth to measure various neutron cross sections • .8 

Today much of the effort is involved in the various cross-section stud-

g·W II 
ies. ' However, very interesting work continues on energy levels, 

decay schemes ~g and half -Ii ves f3 and . on such other topics .as hyperfine 

structure ~4 the measurement of bulk properties ,.15 and, Mossbauer stud­

ies .16','17 

The use of enriched stable isotopes in isotope dilution as an 

analytical tool has good potential'. Ie The:i,r. use in tracer work invol v­

ing· eventual activation analysis is als,o a powerful tool. 19 A unique 

use of B10 consists of introducing a soluble compoundtnto the bloOd-

stream of a patient with a brain tumor,.allowing the isotope to con­

centrate in ,the tumor, and then irradiating the BIO with neutrons to 

provide an on-the-spot treatment of the tumor. 

• 

• 

• 
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'Targets 

The versatility of the calutron is being exploited in still 

, another way. ,Increasing demands for accelerator targets of high 

, isotopic purity for use in nuclear studies led to investigation of a 

method for target preparation in the calutrons. Such a procedure 

would permit a one..;.step process and would result in less contamina-

tion of the target. 

If an ion could be decelerated to an energy where it had a 

self;..sputtering ratio of less than 1, a buildup "Tould occur in the 

area of impact, thus offering a means of making targets within the 

',~alutron receiver. ,Based on this principle, a decelerating receiver 

"(Fig. C14) wascollstructed to decrease ion energy by varying the 

potential of the receiver with respect to the source. A vertical 

'grounded plate with a defining slit for beam entrance, is established 

at the focal point of the imcom;i.ng beam, and the electric field that 

decelerates the ion beam is maintained between the collector target 

" and the,plate. Targets may be inserted in the receiver pocket so 

that direct deposition occurs, or they can be placed in such a way 

that material is sputtered onto the target backing. 

T~rget size and lack of uniformity of the ion beam parallel to the 

magnetic fl~ made it necessary to devise mean~ for moving target back­

ing material through the beam. A mechanical device (Fig. C15) .that uses 

rotational mot,ion was constructed to systematically pass backing 

material through the beam :unpact area in order to produce targets of 

specific'uniformity, Size, and thickness. The target holder is offset 
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from the center of receiver so that a series of targets mounted on it 

may be rotated through the center of the impinging, low-energy, ion beam. 

The device is powered by a synchronous motor geared to provide 33 rpm. 

In early experimental runs, Ni58, B10, and BII were deposited on 

tantalum backing material (Table C9). The technique was later used to 

deposit BIO on tungsten target substrates. The rotational device used 

here accommodated 12 tungsten disks each 0.75 in. dia and 0.030 in. 

thick, masked to 5/8 in. dia. The assembly was rotated so that each 

individual target remained in the ion beam for a specified time. Twenty­

four target substrates were bombarded, each target being in the beam for 

3 hr, during which the target area was struck by a l-ma beam decelerated 

to 250 volts. The beam was accurately positioned by varying the deceler­

ating voltage to produce the maximum current on a probe located adja­

cent to each target. The weight of material deposited on the target" 

surfaces varied from 230 to rg and averaged 387 pg. 

Increasing requests for boron targets of high isotopic purity 

prompted investigation of the most feasible method of formation with 

respect to cost, uniformity, and purity. A type ion source used 

in the calutron for the mass range of boron produced a beam cur-

rent with more uniformity than conventional sources. Also, the source 

potential through which the ionic particle9 were accelerated was lowered 

in the grid unit from 35 to 16 kv. This decrease directly affected 

the rate of 

• 

• 

• 
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'rable C 9. Dii'eCtJ)epos ition Of BU,BU) ,aIldN158 on Tantalum.. . 

'. ·DE:POSIT1QN· NO.' OF:·AV••. '. 'WE1GH:T··'IMPA.CT.::· 
, ISOTOPE TIME' SU.BST·R·AT'E'. SUBST.RATES cMON.ITOREO. DEPQSITED :: .ENERGY 

, B 11 .' 

. , ... a10 

S10 

B10 

Ni S8 

iSOTQPE 

. ,10 

(hr) BQ, MBARDE.O·· .. CURRENT· .' ' .. (lIg/cm .... 2:). '. ,.·(~v) 
(ina)', r 

25' 

'27 " 
3* , ' 

, 3* 

S' 

PERCENTAGE 
, ABUNDANCE' 

, 92.2· . 

. Ta 
. Ta , 

·w 
. w . 

,·5. 

.5 . 

'12 

.12 
',' '2. 

.6 .. 5 . 

··2 .. 

.. 0.75' . 
. . 

'.0.75',1 : 
3 

.. OF:B 10 DEPOSITION·' 

254 ' ' .. , 
':.,".: . 

,196 

220,' ; 

165, 

"'150 

. , 

.. ','.' 

·200 . 

200 
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'200 .... 

PERCENTAG,E " ", ' .. ,. , : ... ,' '. 

...... : 
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DUE:·T·O·B II 

, 7.8' 
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J-' 
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\0' 



170 

target formation since the amount of material sputtered by particles 

striking a substrate is, in part, a function of the e~ergy of the 

impinging ion. 

For use ",ith the large grid source (alpha type), a hexagonal 

cylinder rV 24 in. long (Fig. c16) . was des igned to support the target 

substrates and to rotate them through the impinging ion beam. Target 

substrate·material mounted on all six surfaces of the holder is 

continually exposed to the beam as the device is rotated. The 

cylinder is positioned in the collector so .that the beam \-rill 

dissipate energy over a wide area. Heat is removed from the target 

area by passing water through the rotating ·cylinder. The technique 

used for cooling involved design and development of "seal retainers" 

that would prevent· water leakage into the hig~-vacuum region during 

rotation of the .target holder .• · 

The initial run in which the decelerating technique was used 

with the alpha grid and hexagonal target holder was made to determine 

whether very .thick targets (1 mg/cm2) could be formed. The targets 
. 10 

on the rotating cylinder were bombarded for 50 hr at an average ·B 

current of 15 mae A very thick layer was deposited, but the bond to 

the substrate was very weak and flaking occurred. In an 18-hr run) 

at an average B10 current of 12 mato determine the qu~lities of 

targets with a B10 thickness of 100-200/~g/cm2, depOSits were uniform 

10 
. over each area. The bond bet\-reen the deposited B layer and 

the substrate was quite strong, an4the average B10 deposition on 

each of the 84 substrates was loo~/cm2. Toe isotopic·purities and 

chemical compositions of the deposits ·on several targets that were 

destroyed for analysis are shown in Table C10. 

• 

• 

• 
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Table CIO. Chemical and Mass Analyses of Boron Targets 

Isotope (%) Chemical 
. 

(%) Isotopic Purity Contamination 

Alpha Grid Unit 

BIO '\ 
86 <3 

Bll 14 <3 

Deceleration Unit, 

BIO 92.2 <1 
Bll 7~8 <1 

Certain reactor problew$ are complicated by diffusion • 
of elements through the graphite moderator. Tne study of this diffusion 

process might be expedited by using various materials containing 

other elements as suriacelayers. The electromagnetic separators 

have been used i~ preparing such samples for use in the e~perimentai 

determination of diffusion coefficientsfbr materials embedded in 

different substrates. 

In order to achieve greater ~real uniformity and make the process 

as economical as possible, a special collector was designed (Fig. e17). 

The substrates are supported in a motorized graphite holder 3 in.dia 

'and 1.5 in.' long. Fifty-four 3/8 x 3/8 in. graphite coupons 0.150 in. 

thick are supported simultaneously by the cylinder, which rotates about a~ 

• 
, 
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axis parallel to the magnetic f~eld. The beam bombards each coupon 

surface perpendicularly after. passing through ~ 1/8 x 1:5.in. defining 

slot in the receiver faceplate. A movable probe (cam-actuated 

shutter type) is -qsed to bring the b~am up to proper intenSity and 

st~bility before the shutter is opened and the· substrates are 

bombarded. 
of 

In a 5-hr bombardment/54 sCluare coupons of pyrolytic grapr:.ite 
. ". 

with Th232 ions, An·8.76-I,g/cm2 coating of Th232 was obtained. Uniforra 

deposit~on was achieved by utilizing the rotating cylinder and 

accepting only a small centralized portion of the focused beam 

at the cQl~ector. The portion of the ion beam being accepted was 

20~a, and activation analysis showed that 88% of the monitored 

quantity of Th232 was retained by the.surface. ~1hen Type c-18 

graphite 'was bombarded 8 hr at 500 fa, thesurtaces contained 65.6 

l,g/cm2 of Th232, which was eCluivalent to .40'17% of the material that 

impinged on the~targets. 

• 

• 

• 
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ANAL~SIS 

Process control by chemical or physical analysis is a very impor-

tant and frequently a costly part of a manufacturing process. Much work 

is being done under the sponsorship of the Divis::\.on of Isotope Development 

of the USAEC to develop ways for using radioisotopes to simplify and improve 

an~lytical methods both in industrial process coptrol and in the determina-

tion of contaminants in our environment. New developments in the use of 

radioisotopes in analysis are reviewed biennially in Analytical Chemistry, 

~nd the numbe~ of refer~nces in tbese reviews reflects the large amount of 

activity in this field.' The most recent review, by Leddicotte, in 1962,A-l 

d thr li .. b Me • nk A-2 t· 4000 f . th an . ee ear er reV1ews y ,1 e· con a1n over re erencesj 1n e 

two most recent co~ilations, coverage is limited to selected articles 

rather than to all papers in the·fieldo 

The use of radioisotopes in analysis frequently offers some or all of 

the following advantages: . 

1. More sensitive because of the possibility of detecting very low 

radiation levels. 

2. Faster because of the ease of detection of radioisotopes. 

3. More easily instrumented and automated, which permits easy 

feedback for process control. 

4. More specific, since radioisotopes of chemically similar elements 

may have entirely different properties. 

5. Often nondestructive because the counting can frequently be done 

without separation. 

These advantages make radioisotopes potentially very useful in process 

control and often result in analyses being moved out of the laboratory 

and into the process. 

• 

• 

• 
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In this issue, several novel uses of the radio-release technique are 

discussed, and some of the newer developmen~s in ~eutron ,activation 

analysis a~e surveyed • 

. ·Radio~release Techniques 

In the radio-rel:-ease.method of ana.lysis a nonradioactive.substance 

is determined indirectly by the quantitative release of a radioactive 

material from a.r~agent.with which it is treated.· For example, ozone 

oxidizes hydroquinone in which Kr85 has been trapped: 

@6~ {OH)i] 3Kr85 (6)+03 (g) -43C6R4~ (5) + 3~0 U') Kr85 (g) . 

Such "compounds," in which one compound or element is trapped in the 

crystal lattice of an:other, are kn~as "clathrate" or "cage" compounds. 

The Kr85, which is released quantitatively, is easily measured by standard 

counting techniques, and fram this measurement the ozone can be calculated. 

Since the. analysis .technique does not introduce radioactivity into the 

process~ it is particularly) attractive for process control. 

Because of its relatively long half-life (lo.6·y), its chemical and 

biological inertness, and its moderate-energy beta (0.67 Mev) and absence 

of gamma energy, Kr85 is an ideal isotope for such purposes. 

Chleck :and coworkers .at Tracerlab have developed methods for making 

Kr85 clathrates suitable for use as reagents,A-4 and, using these clathrates, 

,have deyeloped analyzer~ for small amounts of ozoneA~6 and sulfur dioxide.A-4 

Workers at. Parametrics have developed methods r·or making radio-release 

reagents by trapping. Kr85 in metals by ion bombardment or. by high temperature 

A-5 85 and pressure diffusion. Rotariu and coworkers at, Booz-Allen applied Kr 

clathrates to the analYSis of liquids,A-7 and Richter and Gillespie at 

Research Triangle Institute have developed a radio-release method for 
. . A-8 

determin,ing small amounts of dissolved oxygen in water. 
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Preparation and Properties of Kr85 Clathrates 

In 1950 Powell published procedures for making hydroquinone clathrates 
. A 9 

of argon, krypton, and zenon. - An almost saturated aqueous solution of 

hydroquinone was heated to 900 C and then slowly cooled in contact with the 

inert gas at a pressure of about 40 atm. The product was a stable 

crystalline substance in which molecules of the ra~e gas wer~ trapped 

in the hydroquinone crystal. Many" compounds" of this type can be 

prepared bY'similartechniques, as discussed in a recent book.A~lO 

A-4. A-ll A-12 Chleck, Ziegler, and coworkers,' .' to avoid the added 

manipulative steps of the solution method when working with the radio­

active gas, devised the following procedure for crystallizing the Kr85 

clathrate from the melt: 

About 1 g of hydroquinone is put in a pressure bomb, atmospheric 

gases are removed, and Kr85 is' introduced under pressure. The bomb is 

heated to 1850C to ~elt the hydroquinone and held at this temperature 

for 2 hr to allow the Kr85 to saturate the melt. The system is then 

cooled slowly to room. temperature, the bomb is opened, and the sample is 

removed. With pr~ssures up to 60 atm and cooling fOr as long as 72 hr, 

the greatest c~thrate trapping efficiency* was 28.3%. This would 

provide 25.8 equivalent atmospheres of Kr85 at 150C. With 20 atm pressure 

and 17 hr cooling, the efficiency was 17%. At 10 atm pressure and 4 hr 

cooling, efficiency was poor, but some clathrate for.med. 

The clathrates thus formed were a fused hard mass, with activities 

of 30 ;;'c,15 mc, and 1.5 c per gram, depending on the specific activity of 

* The efficiency of a clathrate is defined as the amount of gas trapped 

compared to the theoretical amount possible. 
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the original krypton and the efficiency of the process.. The leakage rate 

of K:r:85 from the strongest sample (105 c/g) was about 3p-c/g.day. This rate 

(10 times that of the 30 mc/gsample on a.per unit activity bas~s, but 

less than that of the weakest sample) is low enough that these clathrates 

can be kept in a closed room for weeks without exceeding the maximum 

allowable concentration. The samples are stable at room temperature and 

resistant to radiation breakdowp. Wilson and HughesA ... 13 at Harwell, 

using Powell's solution procedure, obtained a clathrate efficiency of 
. . 8 

80-90%. However" the compounds were not stable, with 10% of' the Kr 5 

being lost in the first month ~nd another 5 to 10% in the next 2 months. 

They attributed the instability of their compounds to the effect of the 

beta radiation from the Kr85 on the water trapped 'in the compound. 

Mock, ~ers, and Trabant at PurdueA-14 studied crystallization from 

a number of different solvents, crystallization from melta, and sublimation. 

They found that crystallization from a solvent gave the best efficiency 

and from a melt, the poorest. They also tried a number of ot1ler .crystals, 

but none was as good as hydroquinone. Nonradioactive samples of these 

clathrates exposed to 108 r~s in the Purdue University gamma. facility 

showed no weight change.A-15 

Kryptonates as Universal Radioactive Indicators 

Another type of solid compound of krypton,' which should.have wide 

application as a radio-release reagent, has been developed by Chleck and 

associates at Par~trics, Inc.A- 5 These workers incorporated 'krypton, 

containing 5% Kr85 , in solid materials both by bombardment with ionized 

krypton and by diffusion under high temperature and pressure. The 

ionization procedure is now used only for substances that cannot withstand 

the pressures or temperatures required in the more efficient diffusion 

process. 



TYPical conditions for the diffusion saturation of a substance with 

krypt~n are temperatures around 650°C and pressures up to 5000 psi for 

from several hours to three days. The possible saturation is a function 

of the structure of the compound, with substances having numerous 

interstices of the proper dimensions to contain the krypton atom becoming 

the most highly saturated. Pyrolytic graphite has been saturated to an 

activity of 1 curie/g, whereas with less favorable structures the 

activity 1s frequently limited to m1llicuries or m1crocuries per gram. 

The diffusion method ~s successfully in~uced measurable, though often 

small, ~ermanent krypton activity in all subst~ces tested so far. 

Therefore, the title of "universal" indicator 1s used. Uniform incorpora-

tion of krypton into a solid is possible if a fine powder is saturated 

with krypton and then compressed into a solid mass. 

The temperature stability of the kryptonates varies. Some lose most 

of their activity at atmospheric pressure when at temperatures of 75-1000 C, 

while copper kryptonate retains 75% of its activity to 9OO0C. Generally, 

the stability at roam temperature is excellent. 

Clathrate Ozone Analyzer 

Using the Kr85 clathrate, Hommel, Chleck, and Brousaides at Tracerlab 

developed a very successful analyzer for ozone in the air.A-6, A-16 

Analysis of air for ozone has received increasing attention due to 

acute problems of air pollution and the associated health hazard. It 

results in eye and nasal 1rr1tat1aas, reduced visibility, injury to 

plant life, and breakdown of rubber art 1cles ., An almost explos i ve 

interest in the determination of atmospheric ozone in weather studies has 

also developed, because it appears that knowledge of ozone-meteorological 

relations will eventually lead to improved weather forecasting. The 

principal methods used until now for ozone determination are based on 
.~ 
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the classical potassium iodide-iodine method, fluorescence, absorptio~ 

of radiation byozane, and special methods such as the cracking action of 

ozone on elongated rubbero Most of the chemical methods are relatively 

insensitive and nonspecific; for example~ the limit of the potassium 

'iodide method is about 1 part in 101, and the method is nonspecific 0 

Spectrophotometric te'chniques require light-path lengths of several 

hundred feet, and the cracking action of rubber, though highly sensitive, 

is not specific or continuous. Thus, there pas long been a need for a 

portable, light-weight, rugged, and specific ozone analyzer. 

Specificity, sensitivity, and simplicity of design are inherent in 

the clathrate ozone 'analyzer system which is based on the reaction given 

above. The chief limit on the sensitivity is the specific activity of the 

radioactive salt 0 In some evaluation tests, when no effort was being 

made to get maximum sensitivity, 1 part of ozone in. 1010 parts of air 

was detected. The specificity is due to the high oxidation potential of , 

the hydroquinone~quinonecouple. Only a few oxidizing agents can' 

liberate krypton from the clathrate, and these do not include the 

airborne contaminants sulfur dioxide and hydrogen sulfide 0, The clathrate 

responds to water vapor in the air by dissolution of cage bonds, but the ' 

gas can be dried without changing the ozone concentrationo . Alternatively, 

the stream can be split and both the ozone and Water measured in the first 

stream, and water in the second (after destruction of ozone by a silver 

foil catalyst) then 'ozone determined by difference. 

In using- the clathrate analyzer, 100 - 200 mg of Kr85 clathrate is 

placed in a 2- to 5-mm~dia capillary (the amount of clathrate and 

dimensions of the capillary are not critical). The liberated Kr85 is 

passed into a 50-ml chamber containing a Tracerlab TGC-6 Geiger-Mueller 

tube 0 Counts are observed on a Tracerlab SC-51 Autoscaler. Associated· 

apparatus includes an automatic graphic recorder and rate meter. 
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One of the most difficult problems in the development of methods 

for the determination of traces of gases is the prepar~tion of 

standard samples for analysis. The Tracerlab workers, after trying 

several methods for preparing air samples containing small concentrations 

, of ozone, decided on the use of ultraviolet ozone lamps, which are sold for 

tI' )) 'i" " , sterilization purposes under such names as Steril~ and Odorout. These 

lamps, after a break-in period and under carefully controlledconditions,­

gave an ozone concentration which ,varied less than 5% during a given day's 

operation. By use of the proper flow rate and combination of bulbs 1 ozone 

concentrations between'i and 500 ppm could be obtained and 

analyzed chemically' '1:>Y the potassium iOdide-iod:J.ne method. , 

The response of the clathrate analyzer to changes in,ozone concentration 

was determined;, by' connecting the ozone-air stream to a. source of dry nitrogen 

• 

, which c9u.lc.L be ?dj'U:s,tedto gi~~~ ins~~ntaneous c~anges in concentratio:q.. ,Ozone • 

was passed over ,the cla~hr~te ~nd" after steady-state conditions were r~ached, 

the ozone C?oncentration was dropped by in,c:r;easing the proportion of diluent 

gas. After a new steady-state was reached, the same proced~e was again 

"followed for several different, and unmeasured, ozone concentrations. The 

,plateaus on the curve (Fig. A-l) indicate regions of different ozone 

concentration and'the arrows the pOints of dilutio~. 

, The 1 min between ozone dilution and counting response is about 

the same, as the time lag due to dead volume. Thus, the clathrate reaction 

very nearly follows the change in ozone concentrations, the response being 

for all practical purposes innnediate. No complete explanation has been given 

for the rise in the curve immediately after a change in concentration; 

however, the surge may result from a 'stripping action of the gas stream, 

caused by flow, rate adjustments, on loosely sorbed krypton mol~cules on the 

surfaces of the clathrate. • 
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To study the variables in the ozone-clathrate reaction, a clathrate 

cell was installed in a 2-liter bell j~ fitted with a manometer (Fig •. A-2). ' 

,A pump of the' type used by the weather bureau in sonde balloons circulated " 

the . gas through the clathrate cell and into the detector. 

For static tests, the 

"chamber is pumped to a high vacuum and ozonized air is admitted,; Atter 
g , 

.' , 

, the system is closed" a pump circulates the gas through the clathrate 

, and detector 'and returns the gas into the 'chamber. Although deozonized 

85 . air and Kr are returned to the chamber, the interval for data gathering 

is .small and the chamber vol\lme is large enough to maintain an, almost 

constant concentration during the measurement. In dynamic measurements, 

the observation period is unlimited since a fresh stream of the air and 

ozone is constantly fed to the chamber. Flow, is maintained with a vacuum 

pump, and desired pressures are controlled by valves located at feed and 

exit ports. 

The static system was used to test the response of the clathrate 

cell to a wide range of ozone concentrations at atmospheric conditions. 

, . The chamber was filled with 13 ppm of ozone at 1 atm and the counting 

~ , 6 rate of the Kr was taken. The chamber was then pumped to 7 _ mm Hg and 

repressured with dry nitrogen to 7&J nun Hg, wl;tere the counting rate was again 

measured. Thus -a given concentration of ozqne was successively 

diminished by increments of 0.9, and an ozone concentration range of 

five orders of nBgnitude; from 0.1 ppb to 10 ppm, wa.s obtained (Fig. A-3). 

Using the dynamic system, with a constant ozone concentration 

in the chamber,' the Kl;'"85 count ra.te was studied as a function of pressure 

(Fig. A-4.). No attempt was made to, select or determine an oZ,one concentra-

tion. The important point was to maintain a constant, ! concentration. 

The "reproducibility of ,the 'reaction is', shown by the nature of the slope. 
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An examination of Fig. A-3 and A~4 reveals interesting relations between 

count rate and ozone concentration. In Fig. A-3, a direct plot of' ozone 

concentration against count rate, a lO-fold decrease in concentration 

caused a decrease in count rate of only a factor of 2.9. For Fig. A-~, , 

which is a plot of pressure against count rate, the factor decreases 

by 4.8. 

It may at first seem surprising that the reaction efficiency 

should increase with a reduction of pressure or ozone concentration. 

However, the reaction does not involve krypton directly and indicates 

only the breaking of bonds to release the gas. The rupture of any 

cage bond will release a krypton molecule while the rupture of two bonds 

on the same cage will still only release one molecule. Thus, if the 

ozone density about the ,clathrate is reduced, either by a pressure or 

concentration reduction, the probability that two or more ozone molecules 

will inefficiently ,effect the release of the same gas molecule is diminished. 

Following these and other preliminary tests, the analyzer was 

tested in balloon flights. T\.,o flights were made using conventional meteor-

ological equipment. In the first flight, data ,,,ere, obtained on the tempera-

ture profile and radiation backgx:o~d'between sea level and 15,000 ft. This 

i~formation was needed to aid in interpretation of data from the ozone 

analyzer since the ozone-clathrate reaction is temperature sensitive and 

the final measurement of the radioactivity of the evolved Kr85 requires' a 

knowledge of the background. 

The test of the analyzer in the second flight went quite smoothly up 

to 15,000 ft. Although the signal-to-background ratio :was bad, and the ozone 

concentr~tions were ,lower than:tl';lo.se. :Qqt~4,l~~ bY.0t?hermethods, the'data profile, 

shown ,in Fig. A-5, was obtained. 
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. Sulfur Dioxide Analyzer 

A-4 A -11 A-18 vlorkers at Tracerlab ' II b.a.ve also developed an effective 

analyzer to determine traces of sulfur dioxide in air using the Kr85_ 

clathrate.· Sulfur dioxide will not oxidize hydroquinone; however, 

it will oxidize sodi~ chl~ri~~, releasing chlorine dioxide: . " . , ., ~ 

(This equation is an Oversimplification since experimentally it 

was found that one molecule of sulfur dioxide released bet"leen 4 and 8 

molecules of chlorine dioxide). The chlorine d~oxide will then oxidize 

hydroquinone-clathrate and release Kr85. An instrument for the determina-

tion of sulfur dioxide was designed using these two reactions in series. 

I~ the original tests of the instrument, the response to varying concentra-

ti~of sulfur dioxide was linear; however, the slope and position of the 

entire line were displaced depending on the relative humidity of the air 

(Fig. A-6). 

Bersin, Brousaides, and HommelA-18 carried. out a very extensive 

investigation of this method of analysis at Tracerlab under the joint 

sponsorship of the.Los Angeles Air Pollution Foundation and the 

Division of Isotope Development, USAEC. A number of variables in the 

operation of the instrument, such as the size of the reaction tubes, 

quantity of sodium chlorite and clatru:ate in the tubes 1 flow of gas) 

and humidity were studied. They. showed that it was possible to pick 

,conditions for the analyzer in such a way that for the lower sulfur 

dioxide concentrations the counting rate did not depend on relative 

humidity (Fig. A-1). 
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In an 8-day test to determine the stability in continuous operation, 

the data shown in Fig. A-8 were obtained. The only gases that should 

interfere with the operation of this analyzer are those that can oxidize 

either sodium chlorite or the hydroquinone in the Kr85 ,clathrate. The 

oxides of nitrogen and ozone are the only commonly occurring atmospheric 

gases which should be any trouble. 

On the basis of thE!se tests, an instrument for use in fie'.d 

monitoring was designed. A schematic drawing of this in~trument is 

shown in Fig. A-9. 

Kr85~Clathrates for the Analysis of Solutions 

Rotariu~ Hoskin~,. a~d Hatto~~at Booz-Allen Applied ResearchA-7 

developed a technique fo~ deter.m~n~g iron by the release of Kr85 from the 

c2..athrate. It was hoped that by t1;l.ist'eCh?ique;iron could be determined . 

in the parts per billion range. ,The, s~udy was discontinued b'efore this goal 

had been achieved; however, ,it was sho~,that it, was possible to make 

determinat1on:s in .. the 2 to 20 paft;,s per million 'range. ' 

In this method, ferric ion is ~xtra:cted into trifluorotoluene 

with thenoyltrifluoroacetone (TTA) as the chelating agent at a pH 

of 2 to 3. The organic ferric solution is then transferred to a closed 

system, gaseous hydrogen chloride is passed over it for 8 sec, and excess 

gas, is removed with n.ftrogen. A weighed I-mg portion of Kr85 -clathrate 

is then added to the solution and it is stirred for 15 min. Tne reactants 

are frozen in Dry Ice-acetone, and the Kr85 is pumped into an ionization 

chamber and counted. 

Although this method will determine 2-20 ppm of iron in the tri-

fluorotoluene-~ solution, the results of studies on the distribution .. . 

coefficient of ferric ion between water ~d this organic phase indicate 
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that 3 to 4 extractions would be needed to approach quantitative extraction. 

Also, no results of tests on the determination of iron in aqueous solution" 

using the entire procedure are given; therefore, it is impossible to judge 

the overall preciSion and accuracy possible with such a method. 

Determination of Active HYdrggen with Lithium Aluminum Tritide 

Krynltsky, JOm1on, and Car~-19 in 1~48 published a method for 

determining active hydrogen in such compounds as water, alcohols, and 

acids by reaction with lithium aluminum hydride at OOC in an ether solution, 

and measurement of the pressure change in "the system to determine the 

hydrogen released. Workers at TracerlabA- 3, A-4 substituted 'lithiUm 

aluminum tritide for the hydride and determined the tritium released by 

couriting with a proportional counter. In the apparatus used, (Fig. A-10) 

the 25-ml reaction cell, 6.5 in. long and 20 ;mm dia, was f~tted with a 

graduated pipette for sample addition. Therea.ction mixture, 15 JIll of 

approximately 0.2 !1' . lithium aluminum tritide in diethyl carbitol, was 

introduced into the reaction cell. The pinch clamp was closed, and counter 

gas was bubbled through the cell at a flow rate of 40 cC/min to obtain the 

background count. The sample diluted in tetrahydrofuran was introduced, 

and the tritium counted for a 10-min period. Fine adjustment of counter 

ga~ pressure was made with a screw clamp between the reaction cell and the 

flow meter. A bypass line was pravided around the' reaction cell to allow 

for the adjustment of flows while reagents were in the reaction cell. The 

tritium detection equipment consisted of a Tracer~b Pulse Pre-Amplifier, 

Am;plifier,,-.;,and "1000" scal~r; the counter gas was Tracerlab Proportional 

Counting Gas (90% argon, 10% methane). 

The value of method is increased because it is not necessary to 

prepare '~ solution of e. known ... apecific activity of lithium aluminum 

tritide in diethyl carbitol. How~ver, the specific activity must be 

high enough to yield adequate counting rates. 
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Normal butanol, benzoic acid, aniline, and water containing active 

hydrogen were analyze~different specific activities being used for each. 

In ~ach case, the plot of the amount of compound against counting rate of 

tritium was linear. Figure A-ll is a typical plot of the data obtained 

with water. Since the stoichiometry of the reaction had been studied by 

Krynitsky et al., no attempt was made to correlate data between compounds. 

Any of the four curves could be used to determine the active hydrogen 

.content of an· unknown by using the same specific activity of lithium 

aluminum tritide; or if the number of active hydrogens in the compound is 

kno"m, the.compound could be determined quantitatively. All the plots 

extrapolated to a point below the origin,probably due to fixed losses of 

hydrogen in ~he system. ~is error could be reduced with better cell 

design. 

The sensitivity of the method is very high. The lithium aluminum 

tritide used in this study had a specific activity of 2.5 mc/mg, but 
c. 

was diluted with lithium aluminum hydride by a factor of 10/. 

The ultimate theoretical sensitivity with lithium aluminum t~ritide 

without dilution would be of the order of 10-8 memole of active 

hydrogen compound. For practical purposes the sensitivity attainable 

is limited only by the ingenuity of the analyst in devising more 

effic'ient techniques for introducing small sample volumes a..Yld a means 

for sample protection from air moisture. Fifty or more sa.nr{l.e~ maybe 

analyz~d on one filling of the reaction cell. In practice the cell 

should be refilled after half the available tritide· has been cons~~d. 
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Following these successful experiments, the workers at Tracerlab 

attempted to change the method from a liquid to a gas-solid reaction.A-6 

It was hqped that the gas-solid reaction could be made t~e basis of 

a detector for water vapor similar to that described above for ozone 

and sulfur dioxide. The experiments were not successful on tne microscale 

because the solid reaction products formed a film over the lithium 

aluminum tritide and prevented further reaction, but, on a semimicroscale, 

the reaction proceeded more smoothly and reproducibly. Because of this 

film formation, however, work with lithium aluminum tritide was discontinued 

and exploratory experiments with other reactions were started. 

Determination of Dissolved Oxygen in Water 

A new analytical technique for determination of dissolved oxygen 

in water was recently described by Richter and Gillespie of the Research 

Triangle Institute. A-8 The method is based on the rapid and. quantitative 

oxidation of thallium metal by oxygen dissolved in water, even in 

extremely low concentrations. This fact, discovered by Wright and 

A-20 / Lindsay, bad been used in an industrial instrument in which the 

water is passed over thallium and the electrical conductivity of the 

effluent stream is measured. By substituting Tl204 and counting the 

effluent stream, Richter and Gillespie determined 0.2 'ppm of oxygen 

in pure water and used the method for water containing many more 

impurities than in the original conductivity method. The authors 

believe that this method is potentially more sensitivity than any 

other known method for this determination. 

• 

• 

• 
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The analyzer is a 10-rom dia ,glass column 20 cm long 

filled with radioactive thallium metal electrodeposited on copper 

turnj.ngs and a flow-type Geiger-Mueller tube. The sample is 

introduced at the top of the column and flows slowly through it. 

T1
204 

ions released by the reaction of dissolved 

oxyge? with the thallium ente~ immediately into the G-M tube and 

are detected. The Tl
204 

counting rate is a direct measure of the 

oxygen'conpentration. 

For oxygen concentrations in the parts-per-million range, the 

radioactive thallium (4480 mc/g of Tl) was diluted with inactive 

t:lallium metal so that the final activity was 2.04 mc/g Tl. The 

204 
Tl has a long enough half-~ife (3.6 years) that decay over several . 

months does not greatly reduce the sensitivity of the technique. 

Al .' T,204 . b t 't't th so, Slnce ~ 1S a pure' e a-eml er, e walls of the 

~olumn provide sufficient shielding tha~ no radi~.tion hazard: 

·2XlStS. It is estimated that the analyzer, excluding scaling or 

!'ecording equipment, can be built for about $100 in equipment and 

isotope costs. 

Waters of known oxygen concentration were yl ... ...;par0d by equili-

bruting a water sample with nitrogen and oxygen mixtu::·e::·~. Flc. rates 

of the two gases were measured, rand the gases were [;:1.:(';;0. and t, .. -.:.n 

bubbled through water for several hours. The sarnpl,=- ;::0 prepar·::;d 

.was passed slowly through the thalliu.'TL co1:um:.'1 (1. ,(:,O j xl/min). 

known volume of water was removed from the reservoir for analys.~ by 

the well known \iiIlkler method • 

Response of the oxygen ana.lyzer to waters of ::narkedly differeL, 

salt 'contents with varying oxygen concentrations is shown in Fig. A-12; 
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Fig. A-12 RESPONSE OF T1
204 

ANALYZER TO DISSOLVED OXYGE.l1" 
IN DISTILLED WATER AND SEA WATER 

Distilled. 

• 

• 

• 
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the count rate is corrected for dead ,time, lo.sse~ f:Uld, for b,ackgrounds 

and is plotted as a function of oxygen concentration. The ,linearity 

for oxygen in distilled water is excellent, but departure from 

linearity was noted for sea water and mock sea water cont~ining only 

sodium chloride •. ~" 

Thallium determinations on the effl':l.ent solutions indic~te1:ihat 
.. ~; 

oxidat ion of ,,:tpallitim is stoichiometric': 

4Tl{s) + 02(aq) + 2~O(liq.)'-'4Tl+(aq), + 4OH-(aq) 

One gram of oxygen liberates 25 .. 6 g of thallium; therefore, ,,1 g of 

thallium is sufficientto'assay approx_tely 5 liters of,water 

saturated with air.. The column retains its calibration from 

beginning to end, and the thallium is completely inert to oxygen-

free water • 

The sea water :used in this study ,contained 1707 g of chloride 

per liter. Thallium analysis, of the effluent solution f~om the 

column'indicated that count rate, corresponded to liberated thallium, 

but this amount did not agree with the expected quantity f:rom. the 

influent oxygen solution except at low oxygen concentrations. Mock 

sea water consisting of 29 .. 6 g of . pure sodiunichlor1de 'p~r\,liter"of 

distilled water gave results similar to thope for seawa~er. Sodium 

chloride thus appears to cause the departure from linearity. 

The results of several experiments performed in an attempt to 

understand ,the nonl1nearityin sea water solutions indicated that 

interaction of. ~hallium, c~pper, and oxygen was causing the 
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loss of thallium. C01UDlD1t prepared by depositing thallium on a 

metal less active than copper should give satisfactory linearity. 

, Although linear response by an instrument is desirable, nonlinear 

action does not preclude its usefulness in any applications. Si~ce 

the thallium release in sea water is reproducible, if not linear, 

this technique can be a good 'analytical tool once the column bas 

been calibrated. 

Studies on the effeQt of the solution pH indicate that the 

methpd is suita.ble for solutions with pH values between 5 and 10 arJd 

that acidic solutions can be analyzed if the pH is brought into this 

range with a su:t.table buffer. Nitrate salts interfered, but chromates 

did not at pH 8 •. 

The sensitivity of the colummwith a specific activity of 2.04 

mc/g Tl is a.bout 0.2 ppm, which produces a T1204 counting rate equal 

to the background count1ng rate of the detector. If' the 4478 mc/g 

material obtained from ORNL for the study had been used without, 

dilution, ·the sensitivity of the column would have been '0.1 ppb. 

(The ORNL Isotopes Catalog lists T1204 with a minimum specific activity 

of 1000 mc/g n.) Oxygen concentrations in this range were not .in­

vestlgated because of time limitations and th.e difficulty of obtaining 

solutions of known parts per billion oxygen concentrations. Sensi-

tivity could be increased by at least a factor of 10 by using a. 

larger counting tube. Still another factor of 10 in sensitivity 

should be attainable by a reduction in the background counting rate, 

which. was about 100 cpm. Thus, a sensitivity of about 1 part of 

oxygen per trillion parts of water should be practical. This 

• 

• 

• 
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speculation is based on the assumptions that metallic thallium is 

totally insoluble in oxygen-free water, and that radiolytic de­

composition of water would produce no more oxygen than this • 



..£\-1. 

,t, ? .,..--. 

A-3. 

A-~·. 

A-5. 

A- ';. 

·::.·-7 • 

A-8. 

206 

G. ~'J. Leddicot~e, Eucleo:c.ics, ]:.::':2.1. etC:r:.) 

626 (April'1958); 28: 736 (April 1956). 

D. J. Chleck, F. J. Brousaides, H. Sulliva.n, C. A. Ziegle::; 

Lithilliu Alumin~ Tritide in Active F~drogenP~alysis} I~tG::n . 
.-J 

.E:.-pnl. Rad.iation Isotopes, 7: 182-5 (1960). 

J. Chleck, F. J. Brousaides j C. Hommel, W. Sullivan, 
J' 

Fishbein, C. Ziegler, Yearly Report on the Development 

Radiochemical Analyzers. for Non-Radioactive Gases and Study of 

.,. 
0 • 

3adioactive Clathrates, U&83C Report AEcu-4493, Tracer1ab, InCO) 

, July 1, 1959. 

D. Ch1eck, R. l~ehl) ,0. Cuc~hiara.7 3. Pa.tel, E. H. Carnevs.:".2:, 

. 
P~ep~ration and Properties of 1~2~cnates} USP3C 2~?ort NYO-9720, 

L.:.c. , ~1arch 26" ,; 1962 .. 

"R. Be'rsiu, F. J. Brousaides, D; Chleck, C." o. Hor.'1mel, ...:. c. l1-cCue; 

:::~~ Study of L"lverse Radioactive Tracer Te,chniques an,d Ap:p1ica-

tio~s of Radioactive Quino1 Clathrates, USAEC Report NYO~2764, 

Tracerlao, Inc., July 1) 1960. 

G. J. Rotariu, E. L. Hoskins, D. M. Hattori, Deve1o~~~~t of 

K:'7,9ton-85 Clathrate Ana.lytical· TechniClues to l-Iec..$·~~ C::::"d.;;;.tion-, 

R~cluction Products in the Liquid Stati2;:;lUSP..EC R.;:)o~ (223, 

B "1' Ii l' d R- r:·"" .... h "I"""l 1\--,...:.1 19''''''3 002-.'-... an r.pp .... J.e . esea. .... I.,; .. J.; ..L...I."c., r • .!.).I.. __ o. 

H. G. :2icl"Iter) A. S. Gillespie, Jr.) ::~:vestigati,:;::~ of: :.:;. P.e.d.io-

activity Tec~~ique. fo:: the Deternu~ation of Dissc:ved OX'Jgen, 

ar:.d. H. G. Richter, A. S. Gillesp.ie) J:r-., Thallium-204 ~ad.iometric 

'Determination of Dissolved Oxygen in Water.1 .. !l.nal. enem.:, 34: 1116-:; 

.' 

• 

• '-<,_. / 



,. .. 

• 

• 

• 

201 

CC::-:lY01..L.YJ.c.s ?ormed by the :::.ert GO-SeS} <.T. Cte:.}"!_ 30(; • .1 1950~ 

298-300 (1950); Part VII::;! Corr!J?ound of K:'''Yi.')tcn 80:-;.0. "~:l:L:"8.;..;; 

"" J. Chem. Soc., 1950: 300-301 (1950); Part IX, 

XenO:l and Quinol, J. Chen:." Soc.; ;.1950: 468-9 (1950) .. 
-.... 

,...,.p 
v.:.. 

A-10. Sister Y~rtinette Hagan, Clathrate Inclusion Compo~nds) Reinhold 

Publishing Corp • .1 Ne"T York, 1962.1 189 p., $6.50. 

A-ll. D .. J .. Ch1eck, C .. A. Ziegler; T.r..e Preparation and Sc;:;:e Prc?erties 

of'Radioactive Qui...YJ.ol-lujTJ?ton Clathrate Compounds, Inter?:. _. J. .{;:c;"ol ~ 

Radiation Isotopes, 7: ll~1-4 ( .... 959) •. 

1'..-12 .. D. J. Chleck, C. A. Ziegler, Kryp"tonin a Cage-Clathrate 3eta. 

SQ-'l.lrCe1 Nucleonics, '17(9): 130-3 (September 1959) .. 

A-13~ E. J. Wilson; J. D. H. Euzhes; The Preparation of Kryptcn-85-

Clathl"ate Compounds, Int~~~n.· J .. A"Ppl. P.adiation Isoto·ces.7 9: 

:29-30 (1960). 

J.. -14.: :..-. :::.. l':ock, J. E.. l-1ye:!."s" E.. A.. Tra'bant,; Cr'Jstalliza t ion of the 

:'"..;;.:.~~-Ga..s C1athrates, Ind .. Eng .. Che~::.!..1 53:. ;1007-10 (1961) .. 

. :::. -15. ..J.. E.. 2":0::k) J.. E.. Mye:os" E .. A. Tra bant J Some Prcpere. ie s a.nd 

Applications of the Rare-Gas Clathrate Compo~~ds, P~due 

University, Eng. Res. Bulletin, No. 145; Lafayette> Indiar~) 

1961 and also J. E. Mock, An Investigation of Some Nuclear 

ProDe~ties and Applications of the Re.re Earth Cle.t:::::-'2..te 

Compounds, Purdue University ThesiS, 1960. 

A~16. C. O. ROrr'.!£le1, D. Chleck, P'. J. Brousaides,'Ozo!'le A.r.2..1yzer 

Uses Radioactive Clathrate, Nucleonics, 19(5): 94-102 

(Hay 1961) • 



208 

A-17· Tracers Monitor Gases, Chem. Eng. NeVIs, 35(50): 51 (1951). 

A-18. R. L. Bersin, F. J. Brousaides, C. O. Hommel, Monitoring 

Atmospheric 802 Employing Inverse Radioactive Tracers, 

J. Air Pollution.Control Assoc., 12: 129-37, 146 (1962)., 

A-19. J. A. Krynitsky, J. E. Johnson, H. W. Carhart, Reaction of 

Lithium Aluminum Hydride with Compounds Ccmtaining Active . 

Hydrogen, J. /Un. Chem. Soc., 10: 486-9 (1948). 

A-20. J. M. Wright,' W. T. Lindsay, J~., Proceedings of Am. Power 

Cont., 21st Annual Meet1ng, 1959. 

• 

• 

• 



• 

• 

• 

209 

Activation Analysis 

The basic principles .of> activation analysis are:. very simpl'e. A 

sample of material is bombarded by some type of particle, usvally neu­

trons, which produces radioact.ivity in either the matrix material, the 

impurities, or both; the activity may or may ,not be' isolated;. and t,he 

type and' amount ·of the act~vity are'deterniined. An outline of the 

general steps inacttvationanalysis was given recently by Aebersold:B- 3 

,STEPS IN NEUTRON ,ACTIVATION ANALYSIS 
i . 

----~--~~~-~---------------.-----------------~---------------~----------
. SAMPLE 

Irradiatedfoir'predetermined time in a neutron flux' 

Perm:i,tted to decay for predetermined times away. from 
irradiation zone 

ACTIVATION 

I 

-----------------~------- ------------------------~--~------------------

GAMMAbETERMINATION 
.L 

Scintillation Detector; 
Pulse Height Analyzer 

----~---jr--------------
IBM Typewriter; Point 
Plotter or Magnetic . 
Tape and.Computer 

BETA DETERMlNAT ION 
+ 

Chemical separations 
. to isolate individual 
radioactiv~ elements' 

'. ISOLATION· . 

------... -.-------1- ... --------~ --------. ----, --..; ------
I GeigerCouriterl '. . . MEASUREMENT 

Neutron activation analysis was originatedinl936 by Hevesy and 

B-I Levi, who exposed samples of rare earths to a radium-beryllium neutron 

source t:o detect and 'determine impurities. The method, howeVer",did not 

gain wide acceptance untii after 1946 when nuclear reactors ,became' avail­

able to l?rovide hi'gh-fluxsources of neutrons. B-2 Since then, many 

analytical methods using neutron activation have been developed, but 

the majority of these are suitable only for,'laboratory use since they 
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require extensive radiochemical separation and take too much time for con-

sideration in process control •. Neutron activation is now m6ving,out of 

the research laboratory and into broad applications throughout science 

and industry, mainly because of the development of new techniques and 

methods. 

Meinke.and SchidelerB- 8 have suggested that activation analysis will 

come into general use only when neutron sources suitable for use in an 

individual laboratory are available and when it is possible to complete 

an analysis in a matter of minutes (or at the most an hour) instead of 

days. Current research in this field is directed toward solution of both 

the se problems. 

Although there have been many papers published o~ activation analysis, 

no textbook or monograph has appeared;.however, several such books are 

said to be in preparation. Source Material in RadiochemistryB-4 gives a 

reasonably good bibliography of the most. important papers in the field up 

to 1960. Gibbons has published two bibliographies,B-5, B-6 and Kocn has 

compiled a handbook. B-7 ' 

The USAEC is continuing its strong interest in activation analysis 

by supporting a.broad range of research and development projects, including 

preparation and evaluation of isotopic neutron sources; testing of small 

accelerators for production of neutrons; activation with fast neutrons; 

development of rapid radiochemical techniques for isolation of radio-

isotope~use of multichannel gamma-ray spectrometers for determination of 

activities; application of instrumentation and computer techniques to 

provide rapid, automatic, and routine analyses of very large numbers of 

samples; and use of these techniques in such diverse applications as 

• 
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of the ocean bottom, the of the moon, and samples. of 

i~terest in criminal investigations. Some of these newer developments 

are reviewed here. 

Neutron SOl.;tnCes. 

Olive, Cameron, and Clayton ot the UKAEA Isotope Research' Group 

recently reviewed high-intensity neutron sources and their applications 

in industry.B-9 Nuclear reactors are not considered, but radioisotope 

sources and accelerating machines are reviewed in detai~. 

Isoto:gic Neutron SOllrces. TheUKAEA report concludes that radio­

isotope sources such as those shown in Table B-1 will usually be limited 

to a neutron flux of 10
6 

to 107 n/sec. (In this section, neutron fluxes 

stated without an area term are based on a 4rr geometry 0) . If higher 

fluxes are needed, small accelerators or reactors'will probably be more 

economical. 

B-lO 124 Hennelly . published information on a.1000-curie Sb , -Be SQurce 

that has a neutron flux of 10
10 

n/sec. This source has a ,·half-life ·of 

only 60 days, but it can be regenerated easily in a reactor. Hennelly 

suggests that ·two sources be prepared with one in the reactor being re-

124 . . . 
activated while the·other is in use. (The Sb -Be source. is the only 

one shown in Table B-1 which can be reactivated.) He estimates that 

sources could be operated for $5000 per year by this method •. ' The British 

. B-9 . t t th t th t d b k f thO t fOOt reVlew pOln s OU a e wors rawac rom lS ype 0 source lS l'S 

intense associated gamma-ray emission, about 10 r/hr at 1 ft from 1 curie. 

Strain and LeddicotteB- ll recently published a description of alpha, 

2~ 2~ . 
gamma, and neutron sources made from Am . They prepared Am -Be sources 

that had a total neutron emission of 4.5 x 10
6 

n/sec, resulting in a flux 
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'. 
Table B-1 RADIOISOTOPE NEUTRON SCtJRCES 

Yield., 

Source Ha.lf~iie ",n/sec0urie 

210 
~b -Be(Cl"n) 22 y 

" 6 
,2.; x 10 

221 
Ac -Be(Cl"n) 22 Y l.5 x l01 

226 
, Ra. -Be(Cl"n) l622 Y l.; x 101 

po210 -Be(Cl"n) 1;8 d 2.5 x ~O 
6 

Th228_:se(Cl"n) 1·9 y , . 2.0 x 101 

124 ( ') 60 d. 
10. 6 

Sb -:a~ j"n 1.0 x 10 • 

• , 
" 
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.. 4 
of 2.36 x 10 n/cm.sec. Although this flux is low, they believe it· 

would be suitable for determination of macro concentrations of a large 

number of materials. . The Am24l was >9910 pure radiochemically, containing 

-0.1 wt %Pu. However, the l6 wt % stable contaminants (9% rare earths, . 

3% iron, 2% chromium, and 2% sodium-nickel-copper) had to be removed to 

provide maximum specific activity of the sources. This was done by.a 

modification of a Dowex-l resin ion exchange process, with elution by 

5M NH4SCN. B-12 The americium was extracted from the eluate into di-(2-

ethylhexyl)phosphoric acid (D2EHPA), with decontamination factors of at 

least 105 from the rare' earths, plutonium, and sOdium' and Am241 recovery 

,-90%. The 10% loss occurred in the ion exchangecolvron separation 

241 because Am eluted only very slowly with any eluting agent. When the 

same column was used for processing additional amou.nts of americium, the 

retained americium was slowly eluted, at the rate of about 100 IJ.g per 

liter of 5MNH4SCN. 

Two types of neutron sources were produced,Am-B and Am-Be. The 

Am241_Be sources were prepared by' thoroughly mixing .Am(N0
3

)3 in weak 

HN03 (pH 2) with 325 mesh beryllium powder and evaporating the mixture 

to dryness. The dry product was fired at 500°.C to expel NH4N0
3 

and con-
2~ . . 

vert the americium to Am02 . The..A.m -B sources were prepared similarly, 

except that the fired Am02-B powder was combined with 0.050.g of paraffin 

dissolved in CC14 and allowed to dry. The mixture was ground and pressed 

to a 0.72- by·O. in. right cylinder under a static load of 10 tons, and 

the cylinder heated to 500°C to remove the paraffin binder. 

Both pellets were sealed in containers (Fig. B-1) in several stages. 

The pellet was first placed in the nickel, or inner, container and heated 
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Fig. B-1 Am -Be Neutron Source Container 
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to 275 0 C on a hot plate . With ruby flux and standard solder, a uniform 

film or solder was placed on the threads of the cap of the:.nickel con-

tainer, and the caV was then screwed onto the body of the container. 

After cooling, the sealed container was cleaned with 1 ~ HN0
3

, dried, 

and checked for alpha contamination on its surface. When a smear 

technique removed less than 75 a counts/min from the outer surface, the 

source was placed in the outer stainless steel container, its lid screwed 

on, and the container sealed by Heli-arc welding. 

Neutron activation analysis has been carried out with an Am24l_Be 

6 
source having a total neutron emission of 4.54 x 10 . n/sec~ When enclosed 

in a paraffin moderator,the highest neutron flux attainable is 2036 x 104 

2 
n/cm .sec as measured by Au, Mn, and Co foil activation. The sensitivities 

of a number of elements have been tabulated with a series of pure oxides, 

nitrates and carbonates, for various irradiation times using a 3- by 3-ino 

NaI detector coupled to a 20-channel pulse height analyzer for discrimi-

natory counting. Table .B-2 gives a partial listing of these elements. 

While these neutron sources are not sufficiently intense to allow trace 

analysis for more than a few isolated elements, they offer a rapid and 

specific analysis method for macroelement concentrations in a wide variety 

of materials. 

Accelerqtor Neutron Sour.ces. The use of accelerators for production 

f t tl · d· N 1 . B-13 o neu rons wasrecen y reVlewe In uc eonlCSo Cu~rently the chief 

interest in neutron sources for activation analysis seems to be in the 

small-particle accelerators that generate neutrons by the H3(d,n)He 4 

reaction. In.the British review mentioned above,B-9 data from the Nucleonics 

article on such machines, which cost about $20,000 (Table B-3), are 

sunnnarized. 
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Table B-2. ,SENSITIVITIES OF A FEW ELEMENTS FOR NEUTRON, 
ACTIVATION WITH AN' Am241_Be NEUTRON SOURCE 

Isotope 
Produced 

189 m 

46 

183 

28 

128 

108 
, 0 

27 

57 

198 

tl-39 

" " " '... 4 ",2, 
Thermal Flux of 2.4. x, 10 n/ em. •. s",~c 

, ' .. "" 

,"" , 

' .. ': 

Gamma. ~:r:ra.d1a.- "':> :,.,t' Energy, 
Energy, "" 'tion ':- ·.":~, .. ''''':Counting 

t 1/2 Mev Time" :¥ev 

19 s 0.161 ' 

19.5 s : 01114 

5.5 s 0.105 

2.'3 m 1.78 

25 m 0.455 

2.~ m 0.44) 
0.60 

'9.4 m 0.84 
,1.02 

2.58 b 0.845 ' 

1 m .0.02 -- 0.21 ',., 

:1 m 0.02 -- 0.21 

1 m 0~02 -- 0.21 

,5 m 
" 1.'6 1.88 ; --. ' 

: 

30m 0.72 -- 1.48 
, . 

5 m' 0.36 --0.74 

10,m . ,', ,0.72 -- 1.48 

60 m 0.80 -.;. 1.18 

2.70 d . 0.4l2.' '2.6 d 0.34 --0.53 

40m ' '0.04 -- 0.42 

t!35 ' FP's 

2'3.4 m '0.074' 

Short " Many, "" '40 m 0.04 ---0.42 

. ,.- ~ 

"'" ~. • I.', 

.-, .. "'. 

, ,~. . '. 

Activity" 
t 

: 

c/min.mg , 
2 ! 

;1 

3 i 
\ ' 

t 
0.01 

0.04 e' 1 ',' 

, " 
; , 

I 

0.08, ! " 

\ 
0-.2 i 

I 
l , 

0.002 ~ 
I 

i 
0.08, I " " 

3 
f 

f 

1 I 
1 

" 
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• 
Voltage ch.)erating Beam 

Manufactu;,er Ty;pe Supply Voltage) Current) 

k:v .' rna 

Hi&~ V?ltage Engineer~ng Corp. AN 400 Van de". 400 0.15 . 
Burlington} Mass.} USA Graaff 

Texas Nuclear Corp., .Austin 17) 9500 Cockcroft- 150 1 
Texas Walton 

Societe Anonyme de Machines Type J Felici 150 I· 
Electrost~tiques" 21 Rue 
Jean Mace, Grenoble, France 

20th Century Electronics, NGH 150 150 1 

0 Croydon J . Surrey} Engla.nd.· 

• 

••• 
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Two rec€;nt reportsB- 14, B-15 describe the installation and use of 

Texas Nuclear: Corporation Cockcroft-Walton neutron generators. The 

. t 11 t' t th U' 't f M' h' B .. 8, B-14 . t' 1 lns a a lon a e nlverSl yo· lC 19an .. lS rou lne y pro-

8 2· 
ducing a thermal neutron flux of 2 x 10 n/cm .sec, while the Oak Ridge 

. B-15· 8 
National Laboratory generates a fast neutron flux of abo~t 3.5 x 10 

/ 
2 B-16 . n cm . sec. The generator, which both th~se" laboratories use, conslsts 

of three units: the accelerator with vacuum-system, a high-voltage 

power supply, and a control console. ·These units, interconnected by 

cables" can produce neutrons imInediately. upon installation with no 

further operations necessary except for m01;lIlting a tritium target in the 

target holder. This generator,which costs about $20,000, accelerates 

deuterons to 150 kv (Fig. B-2), the deuterons st:rike a tritium target, 

and the H3(d,n)He4 reaction takes place producing 14 ~evneutrons. Both 

installations are in suitably shielded rooms equipped with pneqmatic 

tubes to introduce samples into the accelerator beam and to move the 

activated samples into a counter. The ORNL generator is equipped to 

do only fast-neutron activations. The Michigan generator has a 30-

by 30- by 30-in. water tank so that .the neutron beam can be moderated 

with water; can therefore be operated aseitber a fast- or thermal-

neutron generator. 

One of the most difficult problems with this type of generator is 

the tritium target. The usual commercial target is about I curie/in. 2 

of H3 adsorbed ina layer of titanium about 200 A thick on a 2-mil-thick 

stainless-steel backing •. With a 150-kv stream of deuterons striking 

this ina rather small area, it must be cooled, and even with 

cooling, damage and depletion of the target are rather rapid. To improve 

B-14 target life, Meinke and Shideler developed a rotating target. 

• 

• 

• 
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. The target assembly (Fig. B-3) gradually rotates a long (10.5 by. 2 in.) 

Ti-H3 target in front of the beam and gives an even flux of· >109 n/cm2 .sec 

for approximately 22 hr. The strtp of target material is clamped to the 

inner surface of a stainless steel drum, the active side of the target 

forming t1;te inner surface of a cylinder 3.5 in •. dia. The entire back 

surface of the target is cooled by mercury, which is circulated through 

a water heat exchanger by a small magnetic pump. 

An "0" ring seal on a rotary shaft transmits motion from a 24-hr 

clock drive situated outside the housing to rotate the drum at a rate 

of 0.00725 in./min; this corresponds to .... 200 min for about 95% target 

use in a beam 1.5 in. wide at 1 mae The drum target is situated with 

its axis inclined 45° to the beam axis so that the beam strikes the 

target through the open.end of the drum. This angle also. increases the 

area of the target. exposed to the beam,thereby reducing the beam-current 

densities on th~ target. 

Neutron Source for Activation of .Flowing Stream. An interesting 

tyPe of neutron source has recently been described by Gluck,. McFarling, 

Kircher, Townley, and Sunderman at Battelle Memorial InstituteB- 17.in a 

study done for the USAEC Divis~on of Isotope Development. Designed for 

activation analysis of a flowing stream, the irradiator uses a Po-Be 

source that can be lowered into an activation cell. 

A combination of neutron-source storage contai~er and activation-

vessel holder was built wi~h provision for an activation cell, which ·is 

shown in. Fig. B~:4 with the source in the stored position and surrounded 

with 16.5 in. of borated paraffin deposited in 0.25-in.-thick layers~ The 

paraffin provides adequate shielding for a 50-curie source. Because of 

' • 
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their weight the two containers were designed to move individ~ally. An 

activation cell (Fig. B-5) with a volume of 2400 cm3 was built to fit in 

this holder. This cell is'constructed of 6-in.-wall stainless steel 

tubing, has a thimble suspended in the center, and overflows from. the 

top. In order to achieve good mixing, a diffuser plate above the inlet. 

and two baffle plates were incorporated. The outer. surfaqe. of the 

activation vessel was coated with about 1.5in. of paraffin and the 

vess~l was permanently installed in the container. Provisions were' 

made for washing and draining ,the cell. Void spaces around the installed 

cell were filled with polyethylene pellets for additional' shielding. 

To evaluate the system, the activation cell was installedin'the 

cell holder. Figure B-6, a schematic of the flow system, shows the 

activation cell and the gannna-counting cell. The beta-counting cell can 

readily be substituted. During operation, inactive solution from the 

st.irred process-solution tank was pumped through the system at a con-

stant flow rate, entering through, the bottom,overflowing' from the top, 

and then passing through the counting cell and into the' st'orage container. 

Solutions of four different elements were pumped through the cell, and 

their induced activity was deter.mined as a function of the flow rate. 

The flow. rates ranged from 50 to 490 ml/min, equivalent to activation 

times of from 48 to about 4 min. 

Activation sensitivities for several elements -- manganese, indium, 

vanadium and silver -- were .examined under flow conditions with the 50-

curie source. Typical results for vanadium solutions are shown in Fig. B-7. 

The data plotted are the activities corrected for the different activation 

times by dividing the observed activity by I - e-At where t is the irradiation 



• 

Solution 
outlet -<I 

Poroffin 
coot i IHJ 

Neutron-source 
p os i t ion ----...:.-4L--,L--N}---../ 

Fig. B-5 

--. o"~_-

)----I+-,L----t-- B off Ie s 

_----It'l--7'--7i- Diffuser ptote . 

So! L.1ti::>n 
;=:;:===-r---in!cT . 

-Lw-~--! 

DETAIL OF ACTIVATION CELL 

• • 



• • 

Shielded Process 
solution 

"tonk 

Flowmeter source 

Drain 
Centrifugol 

pump 

holder 

.----,-..,-1-.1..-------1 Vent' 

I '-----"--Ill -&1. 
Activation 

cell Drain 

"--------_._------_.-

Scole'r 

'Sight tubes and overflow _6_-. 

2 x. 2 NoT scintillation probe 

• 

Wash 
solution 

~ 
Bypass "----~.- J-{' 

Shielded counting ce~ , 

A-42574 

-Fig. B-6 DIAGRAJvl OF THE CONTINUOUS-NEUTRON~·ACTIVATION F'LO\\T SYSTE7vl 



"'-'. ", .... 
I \-.. . 'J " ! 

, I 
I 
I 
! 
I 

226 

o l~ 
I 
i 

! 

I ' 
I 

I 
I 

I03l~' ______ ~ ______ ~~ ______ ~ ______ ~ __ ~ __ ~ 

o 

Fig. 

0,003 

Rec ipr.)cal Flow Rate) mir:./ml 

'," ;;.n9. f3 ACTIVITIES V52 '1?R0T)UC2~:, , .. 
1\ C8 TVATION OF VANADT1.)"'1 SOLUTT C»:' TN 
FLC1ifING SYSTEM'. v')2<':./2 ~ ~: ~ )·,.~rl 
Apparent holdup vol~w:.e = 07') r.u.. _'0:'" / 

= 620 ml i'or f3 

• 

• 

• 



• 

• 

• 

221 

time .. The effective irradiat~on time 'was ca~cul~tedfor each flow rate 

by dividing the volume of the acti vat ion cell \ 2400 ml) by the flow rate ~ 

Vanadium- with a half-life. of 3.76 min was produced. 

The corrected activity at the detector was found to decrease with 

decreasing flow· rate, which is indicative of a time delay between acti­

vation and counting. Such a delay is inherent in this system for low 

flow rates or short~lived activit~es or both, bec~use of the relatively 

large counting-cell volumes. The calculated volume necessary to account 

for the observed results, calledttapparent holdup volume", was found to 

be 675 and 620ml for data. obtained with the gamma- and the beta-counting 

cells, respectively. It is difficult to account for these exact volumes, 

but they depend on the counting cell construction and method of injecting 

the solution to be counted, the activation-cell construction, and the 

amount o~ mixing in these cells. The assumption of this holdup volume, 

with the resulting radioactive decay as the solution traverses the 

volume, accounts very well: .for the results as shown .in Fig. B-:-7 except 

at low flow rates. It is apparent that mixing of the·solution is not 

good at the low flow rates. 

Rapid.Methods of Analysis 

In addition to small portable neutron generators being needed, 

analyses should be done rapidly. Three different approaches are being 

investigated: (1) quick radiochemical separation methods following 

activation so that isotopes with short half-lives can be determined; 

(2) instrumental methods in which neutron activation is followed by 

gamma-ray spectrometry with no chemistry, the gamma-ray spectrum fre­

quently .. being determined several times to measure half-lives of various 



activitie's;B-20, B-2l, (3) very elaborate techniques in which the acti-

vat ion, counting, and calculating sequences are automatically controlled. 

Fast Radiochemistry. ,M~inke and his coworkersB-18, B-19 h~ve been 

working for several years to develop and collect methods for the rapid 

separation of radioisotopes. While it is not possibl~ in' a brief review, 

of this nature to condense or abstract his 125-page, collection ,of 

methods,B-19 a brief review of t~e guide lines and philosophy that have 

gone into the preparation of this collection is in~tructive and informa-

tive: 

"Radiochemical separatiops offer one major advantage over standard 

analytical techniques in that they do not requireIOO.O%yield. 

Since in radiochemistry we can determine the yield, eit~er by using 

carrier 'or by using tracers, we can utilize a much wider specifrum 

of reagents and procedures than can the classical quantitative 

analyst. Th~ only limitation is that which is similarly imposed 

on the synthetic organic chemist, i.e., a separation step must 

give sufficient yd..eld so that one can go on to the next step. ' 

Unfortunately, those who make use of radiochemical separations, 

whether in fission product analysis, nuclear,decay schemes"or 

activation analysis, have too often tended to rely on adaptations 

of,"quantitative procedures 'which are' lengthy and involveQ., to 

purify the desired radiOisotope for measurement. Thus many 'of 

the early, fission product 'procedures were developed in a hurry by 

combining many,individual steps 'from quantitative work while often 

only a few steps of a multistep procedure were really effective. 

These early ;procedures 'were of necessity designed rapidly with the 
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information on hand to meet the emergencies of a·warsituation • 

Unfortunately many radiochemists today are blindly following these 

early procedures with little thought as to conservation of time 

and energy. 

Workers in the field of activation analysis seem.to be as guilty 

in this respect as those in other areas. A survey of published 

articles in this· field' shows, two major classifications. In one 

group many investigators have sought to eliminate chemical pro-

ced~res entirely,with: elaborate techniques of physical discrimi-

nation. In~the.other group the discrimination is chemical but. is 

often, quite involved and based usually on rather classical methods 

separation. 

Dro Yusuru.Kusaka and I.have recently completed a'rather thorough 

summary of radiochemical separation procedures reported in the 

lit'erature for isotopes. with half-lives shorter than 20 minutes. 

Although use of a number of ingeniOUS devices was reported, 

particularly for isotopes of some of the elements, the 

preponderance of the procedures was merely "speed-ups" of the 

standara.'analytical-type· te'chniques such as preCipitation, solvent 

extra'ction and ion, exchange. If 

Instrumental Metnods 

. " B-20, B-2l In the "instrumental method" of Guinn and Wagner; , the 

gamma-ray spectra of samples are determined and compared' with the 

spectra of known samples of simple compounds or elements to show the 

content of the unknown. The comparison of spectra by hand is a very 

tedious job, and programs are currently being prepared to do this work 
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on computers. ,Blotcky, W~tson, and Ogborn at a recent sYmposium gave a 

paper describing a system using a 400-channel spectrometer and an IBM-1620 

computer. At the same symposium, Guinn and Lasch described studies being 

done preliminary to preparing a program for the IBM-7090.B~23 

,Automated Methods. The most ,elaborate and sophisticated appro~ch to 

instrumental activation analysis is the work being done at the Activation 

Analysis Research, Laboratory of the, A ,and M College of Texas by Wainerdi 

B-22 B-24 and coworkers.' This work is divided' into two parts. In one 

part, an auto~ated system ,is being d.esigned ,to activate samples, count 

the samples with multichannel analyzers, and prep'are the data, in a form 

suitable for use on a computer. ,The second part ,of the 'work is the deve-

lopment, of suitable computer techniques to resolve the gamma, spectra and 

provide quantitative analytical data. ' 

Th .. 1 t f t t d 1· B ... 25 d' d t e orlglna sys em or au oma e ana ySlS' was eSlgne ' 0 

operate, by either reactor activation of s~ples in groups of 100 followed 

by individual and automatic counting by individual and automatic introduc-

tion of the samples into the reactor for activation and automatic counting·, 

(Table B-4). ,With either of these operations, the samples are counted 

in a 256-~hannel vacuum tube gamma-ray spectrometer and the data are 

recorded on IBM cards for transfer to the computer. All sample transfers 

are pneumatic. In addition ,to its automatic features, this system also 

had built- features ,that allow, the operator to change almost any,phase 

of the operation on each sample as it Came through. 

The speed of operation in the Mark I-Ia mode .is determined by the 

irradiation and couriting,times. In a demonstration of ,operation in the 

Mark I mode , samples were prQcessed at an a,verage rate of 400 in 24 hr. 
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Taole B-4 AtJTO>:'~TED ACTIVATION .. L\..NA.LYSIS 

Mark I-Ia Mode of Operation 

1. 100 samples are placed in a plastic storage block 

2. The first sample is transferred i'rom the storage block to the 

reactor 

3· After proper irradiation time, the sample is transfe~red from the 

reactor to the 256-channel gamma spectrometer 

. 4. The sample is counted for a predetennined time 

5. The sample is transferred 

are recordad on an I~~ card 

," toa lead storage block and data 

6. The cycle iE, ~',::;peated for each of thelOO samples 

Mark I" Mode of Operation 

1. lOa samples previously activated in a reaC1.or are placed in a 

lead storage block 

2. The first s~r.yle is transferred from t~e s~oragc b~)ck to the 

256 chan .. '1el ga.rr.r:'~a, spectrometer 

3. The sa1iple is counted for a predetermined time 

4. The san]le is transferred back to the lead storage block and 

data are recorded on an I&~ card 

5. .The cycle is repeated for each o~ the 100 s~~ples 
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A downtime record for a period of several days showe~ that the machine 

was operating during 97% of the time. Table B-5 gives some results 

obtained' with operation of the system in the Mark I-Ia mode. These 

are preliminary data, gathered and processed in an automatic mode with 

no corrections or smoothing processes applied outside the computer it-

self. The elements aluminum and silver were chosen to illustrate a 

good result and a rather poor one, respectively. 

A new automatic system, designated Mark II , is under construction. 

It will take bulk irradiated samples, count them on one of three 400-

channel t,ransistorizErl gamma-ray spectrometers, and record .the data on 

magnetic tape su~~able for introduction into th~ computer. 

The computer programs in this work have gone through several stages 

in their evolution. The original activation analysis computer program 

of Kuykendall and wain.erd:i,.B,-26 used a highly complex, sophisticated 

spectrum-stripping technique which :r:equiredmany. sequential measurements. 

This program, designed for anIBM-704, used both gamma-ray energy, and 

measured half-lives for identification. Such a .program wa's not readily 

adaptable for use in a fully automatic system. The simplified program 

f F 't G'bb 'd W' d· B- 27 th f dId 'th th 01 e, 1 ons, an alner 1 . was ere ore eve ope .. Wl e 

assumption that large numbers of similar samples would be run, and a 

general identification could be made man,ually on a few samples. This 

B,..25 B-28 program has recently been revised again. J 

. Us~s of Activation Analysis 

,Many. applications of neutron activation analysis were reported at 

the International Conference on:.Modern Trends in Activation Analysis held 

at A and M College of Texas. in,DecemberI96l. B- 34 A number of applications 
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Table B-5. Analysis of Sta~dardsbyMark ·I~Ia. 
,Mode of Operation 

Amount: of Element z .met 
Error,% Added Found 

Aluminum ~A1203J 

0.725 0.742. + 2·3 
0.7Q4 .' 0.700 ~ .b~6 

0.694 0.685 - ·1.3 

0.699 --
0.736 0·709 - 3·7 
0.715 0'.751 + 5·0 
0 .. 6% 0.664 + 1.2 

.2·3 (av&) 

. Silver . (Ag20) 

0.158 0~115 ... 27~0 

0.140 ·0.089 -36.0 

0.093 0.110 +18.0 

O.i30 0.067 ~47.0 . 

0.149 0.093 . ~38.0 

0.102 . 0.069 -.32.0 . 

0.093 0.097 + 4.3' 
. 0.102 0.109 + 6.9 

.26.1 :(avg) 



were also recently. reviewed by Wainerdi and DuBeau in a·recent issue 

of Science.B- 35 Only a few uses in crime detection and for analysis of 

oceanography cores are reviewed • 

. Law Enforcement. Several laboratories have recently started an 

evaluation of the possibilities of using activation·analysis to aid in 

the examination of evidence for law enforcement purposes. 

GuinnB~29 of General Atomics has developed ~ technique to determine 

whether or not a suspect has recently fired a gun. The technique involves 

careful cleaning of the suspectfstrigger hand, activating the removed 

material in a reactor, chemically separating the Sb122,.Ba139, and cu64, 

and determining these activities by gamma.,.ray spectrometry. In some 

cases, it is possible·to tell not only. that 'the suspect has·fired a gun, 

but also the type of ammunition. Guinn is now cooperating'with the LO$ 

Angeles'Police Department ,on the application of this method. 

Bate,Pro, and LeddicotteB- 30 of Oak Ridge National Laboratory and 

the Alcohol and Tobacco Tax-Laboratory; ~Internal Revenue Service, after 

examination of a number of samples of black automobile paint and some 

soil and soot $amples, have concluded that activation analysis would 

be a useful technique for the forensic scientist to use in identification 

of these materials. After e&ch specimen of paint had been irradiated 

11 / 2 for 1 hr in a reactor at a neutron flux of 8 x 10 n cm .sec and the 

radioactivity measurements made of the short-lived radionuclides, the 

paint ,was allowed to decay for 1 day. Each sample was then reirradiated 

for an additional 140 hr to build up sufficient.radioactivity of longer 

lived radionuclides. After this later irradiation, each specimen was 

allowed to decay for about 6 hr before radioactivity measurements were 
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made. This time was long enough to allow the short half-lived radio-

nuclides in each aarnple to decay sufficiently so that radionuclides of 

longer half-lives could b~ more easily, detected and determined. After 

these measurements, the s~p~es were allowed'to decay, witb occasional 

radioactivity measurements, until the spectra of the inducedradionuclide 

began to show strongly the longer lived radibnucl~des., This decay time 

was 30 Qr. 

The specimen was again analyzed by ganuna spectrometry', and the 

spectral data recorded. Additional data were recorded 7 days after 

reactor discharge. Table B-6 lists the stable elements ,found in the 

finishes. The relative 'amount of each radioactive species present 'may 

be determined from the spectral data. Apparent peak-height ratios for 

139 56' 131 65 Ba to Mn and Ba to Zn are also given. Since all the samples 

were irradiated in the saine neutron flux, the photo"'!'peak heights 

(radioactiyity) for specific radionuclides in one sample may be compared 

to those found for the same radionuclides in another sample to show,the 

relative abundance of one trace element to another. The intensii;;y of 

these ratios can be used to identify or selectively, separate sample 

materials. 

The same type of procedure 'was used for soot and soil samples; and 

while promising results were obta~ned" identification of thes'ematerials 

is much more difficult because they contain many more constituents. 

Jervis, Perkons, Mackintosh, and Kerr, working with the Crime 

Detection Laboratory, Royal Canadian Mounted P:olice, have used activation 

analysis to determine arsenic in Quman hair and'other tissue to see if 

this analysis could be used to determine the cause of death in cases of 



j 

P = elements definitely present. 

x = possible but not d~tin!t~. • D = present but at limit of detection. 
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suspected arsenicpoisoning. B- 3l The results to date have .been incon-

clusive. These same workers. have made an investigation of the pattern 

of trace elements in human hair to try to use these patterns for identi-

fication purposes. In a case in which activation analysis of a hair was 

B-32 introduced in court, the body of a young woman was found holding a 

single hair. Samples of hair from the victim and from a male sus~ect 

were compared with the hair found in the victim's hand by activation) 

analysis,with the results shown in Table B-7. The difference between 

the p32/ Sb35 ratio in the two hairs was presented in the Canadian courts 

as evidence of identity. 

Shipboard Activation Analyzer. A shipbo~rd analyzerB- 33 performs 

rapid elemental activation analysis on core samples. from the ocean rloor 

on the vessel as they are collected. This aids effective exploration by 

making it possible for the ship to modify its survey pattern in accordance 

with the trends indicated by the data. The unit was developed by Dresser 

Research in conjunction with· Lamont Geological Laboratory of Columbia 

University. The special neutron source is a small, rugged accelerator-
S . 

type neutron generator which. emits 10 neutrons/sec by the deuteron-

tritium reaction. It is contained in a lead and paraffin shield designed 

to permit insertion of an entire ocean-bottom core sample so that intervals 

along the core length may be activated without cutt'ing the core. A 

shielded:·3- by3-in. NaI (Tl) scintillation crystal is used to observe 

the activity induced in the core, and the gamma spectrum lS analyzed in 

a 400-channel analyzer. Cores are analyzed for silicon, aluminum, 

magnesium, sodium, and iron contents by neutron activation and for potassium, 

uranium, and thorium contents by the spectra of their natural radioactivities. 
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Table B~1 NONDESTRUCTIVE ANALISIS OF SINGLE HAIR 
IN EDMONSTON I N .B., MURDER 

'~activ~t7* 

. total, , p32 , 535 , p32/S35 

c/min c/min c/min' ,. 

Exhibit hair spectmen 3540 1783 1757 1.02 
(found in hand of victtm) 

Male suspect hair 2462 1272 'll90 1.07 

Yictim I s hair 1908 1276 632 2.02 

* . ' 
~ activity after 20 days decay 

835 low.;.energy component on t}-absorpt1on analysis;:, decay, continued 

p32 high-energy componen~ on ~-abso~~ion an~78i8j decay confirmed 

; .' 
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The activation conditions are: 10 min for irradiati,on of the core, 1 min 

fqr transfer of the co;re to the detector, and ,another 10 min for measure­

ment of the induced activity. Analyses of standard samples have indicated 

the following sensitivities in mg/cm3: alumip:um and silicon, 0.3; 

magnesium~ 1.6; sodium, 2.2; and iron, 3.8. 
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RADIO[S.oTOPE SOURCES FOR RADIOGRAPHY 

X rays in the energy range :from 5 to 100 kevplay an important role 

in the growing use of radiation in research and technology.' Their. 

principal areas of application are density and thicklless gaging, indus-' 

trial and medical radiography, and analysis byabsorptiometry and 

. fluor~scent excitation techniques. The need for radiatlon in this energy 

range is currently covered by co!),ventional x-nay machines. . But, because 

these machines are not completely portable and'require'a source of'electtic 

power for operation, many investigations hav~ been carried out'to replace 

or supplement them .withradioisotope sources. Two :types of such sources 

tl d .. t· t· . R-l are curren y un er ~nves ~ga ~on: . low-energy gamma e:qlitting .isotopes, 

and bremsstrahlung sources. 

Low-energy GB;IIlID.a.Ernitters 

Very few .. long-lived isot'opes emitlow-eriergy gamma rays, and becauqe 
• • " U 

of the cOIl).plex decay schemes of most of them, they are of limited use, 

where a narrow photon energy distribution is needed. Isotopes such as 

I125 and Fe55 , however"whlch decay by electron capture, gi';e off mono-

energetic photons. These isotopes; which have an appreciable half-life, 

. have . recentlyb~en prepared as effective low_energy gamma' sources at ORNL •. 

Iodine-125 Sources 0 Iodine-125 decaysR-2 with a 57..4-day half-life 

by electron capture to the O.0354-Mev eicited state of Te125 • The'Te125 

decays by, emission of a gamma ray which is largely converted in the'K 

shell and results in emission of the characteristicO.0273-Mev Ka'x ray. 

125 . . 
Thus, the net result of the decay of I by these modes is the production 

of two coincident photons with energies of 27.4 and 35.4 key (F:Lg., R-l). 
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These decay characteristics ~ake r125 ideallY$uit~dfor a portable x-ray 
. . -', ~~. , " , '. 

source if' a "point" source of re~atively'low self-abs0rI?~ion can be' 

prepared. 

Availability of high-speC~fic-a~tivitY r~25 makes possible the. 

fabrication of'conce~trated sources. Although'r125 can be produced in 

a cyclotron by the nuclear reactions Tei.25(p,n)r125, 're124(d,n)r125, and 

Te125(d,.2rVr125, it isproduced·more efficiently in a reactor by the 

reaction 

X l24( )X 125 EC > r125 
e n,7 e 18 h~ • 

The cross· sE}ction for the xenor,l. reaction is estimated at 74 barns., 
. . ' '.' , . " ' '124· ., .' 
A 425-cc sample (STP) of normal xenon gas (-O.l%,Xe ,)i was com,.. 

pressed in. an aluminum can at about 100 psi and' irradiated21 d~ysin 

the Oak, Ridge Reactor at~. fl1,l.X of 2x 1014 n/ cm2 • sec to produce 2500 mc 

of r125 ". The time in the reactor was limited to limit the quantlty' of 

126 ·R-3 r . produced. ' 

The irradiated sample was'processedin a manipulator cell~ .'l;'he r125 

was removed from.the walls of the aluminum 'containerbywashing with O.l 

!'! sodium hydroxide solution; the iodine was oxidized to iodate by a 

slight excess of KMriP4; and, the solution was neutralized with H2S04 

while maintaining an excess of KMn04" The' solution was heated to boiling" 
, . 

and saturated H
3
P0

3
,solution was added to reduce the' iodate ion to 

,elemental iodine. A ~mall,amount of H202 aids the reaction. The iodine 

was distilled int.o dilute 'sodium hydroxide solution, 

Two sourc~s, eaGh, of,2 curies, were,prepared for study and evaluation •. 

Two curies' of r125 and 0.5 fig of normal 1
127 were precipitated together 

as silver iodide; the dried sa.lt was sealed by welding in a stainless 



248 

steel capsule (Fig. R-2) with a I-mil-thick2-mmdia stainless steel 

window. The radiation through.the window of this source was 55 r/hr 

at 3 in. from the center of the source as determined by a thin-wall 

ionization chamber. 

lodine and silver both have appreciable absorPtion coefficients 

for photons emitted by tner125;.therefore the efficienclf of tb:e second 

. . . ... db' N r125 .. t ·d . of· Ag·,rl25 . . The r125 wa· s source was lncrease y uSlng·. a lns ea 

distilled from a·small volume into 1.0 ml of 0.0001 Nsodium hydroxide ...,. 

solution. This solution was evaporated to dryness in an aluminum ,cup 

0.090 in. i.d. by 0.070 in. deep and welded closed' in an aluminum capsule 

0.375 in. long by 0.140 in. dia anq; having a O.OlO~in.-thick·window. 

Tbis capsule was placed inside another aluminum source holder with wall 

thicknesses of 0.020 in. The radiation from this capsule was 26Q mr/hr 

at ,16 in. as measured by a thin~wall ionization chamber. The capsule 

was placed in a G.M.R .. Model 110 radiographic eJCPosure device or "cainera". 

A 5"':mil 'stainless steel window in. the radiographic exposure .. device de-

creased the radiation to 160 mr/hr.at16 in. 

Several radiographs 'were made of tn,e human hand at distances·of 6 
. R-4 and 12 in. with exposures varying from 30 sec to 3 mln. 'Figure·R-3 

is a 2-,mii1 exposure at, 12 in •. using 'Kodak "ROyal Blue" x~ray film with 

an intensifying screen. Some of.tne resolution is lost in reproduction, 

but the original pictures have a resoliltion comparable to that 'of standard 

x-ray machines. Figure R-4 is a hand exposure in which two pieces of' 

glass are shown near the outermost joint of the ring. finger •. Also seen 

in the picture is a pocket dosimeter. This was a30-sec exposure at 6 in. 

using:Polaroid Type 3000X film. 

• 

• 

• 
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These radiographs show that this portable x-ray device can be 

effectively utilized as a diagnostic aidR- 5 without the necessity of 

elaborate equipment. Further testing will broaden the scope of use-

fulness of this source both in medicine and in industry. 

Iron-55 A Portable X-Ray Source. Iron-55 decays by electron 

capture with a 2.94-year half-lif~ to yi~ld the 5.9-kev manganese x r~y. 

It is prepared by neutron irradiation of enriched Fe54 • This isotope 

has been especially useful for determining sulfur in petrole~R-6 
because of the high absorptivity of sulfur for this low-energy photon. 

Electron-capture isotopes with an appreciable half-life are also useful 

for x-ray-fluorescence analyses,R-7 but can neither be prepared with 

high specific activities nor fabricated into point sources. 

A source was made by spreading Fe55 oxide evenly over a circular 

area of a platinum strip by evaporating a nitric acid solution of 

Fe(N0
3

)3 and thermally decomposing the nitrate to the oxide. The oxide 

was reduced to metallic iron with hydrogen at 800°C, and the platinum 

strip was heated until the platinum on tbe surface started to melt and 

the metallic iron became coated with a thin layer of platinum. The area 

of platinum containing the radioactivity was cut from the platinum strip 

and rolled into a thin disk. Repeated rolling of the platinum increased 

the radiation from the source because the iron was spread more uniformly 

and the thickness of the platinum coating layer was reduced. The area 

of the source was ~2.4 cm
2

, and the radiation, as measured by a thin-

wall ionization chamber, was 800 mr/hr at 1.5 in. from the center of 

the source. 

• 

• 

• 
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Radiographs of flowers were made with Polaroid '3000X film and 

Kodak Royal Blue x-ray film to illustrate that very small differences in 

densities can be resolved (Fig. R-5). No image intensifiers were used 

with the films. A helium atmosphere blanketed the flowers to decrease 

the absorption 'and scattering of the low-energy photons by air, and the 

exposure time was adjusted to give the best radiographs 0 These pictures 

are comparable to similar photographs taken with a low-voltage x-ray 

. R-8 machlneo The same techniques can also be'used to radiograph water-

marks in stamps and valuable papers. 

Bremsstrahlung X-Ray Sources 

. Isotopic x-ray sources can also be made which use the bremsstrahlung 

x rays produced when t3 rays strike a target. When high-energy betas are 

brought to rest in a target they lose their energy by radiative and ioni-

zation processes, most of the energy being dissipated in outer shell ioni-

zation of the target material. However, a substantial fraction of the 

energy of the electron goes into production of bremsstrahlung x rays and 

characteristic x rays follOWing inner shell ionization. The energy 

distribution and flux of the x rays depend mainly on the nature of the 

target, the electron energies, and the strength of the beta source. 

Several studies have been made recently on the preparation and use 

of bremsstrahlung x-ray sources. Brech of Jarrell-Ash Co. made a brief 

study of the use of Pm147 in analytical fluorescence spectroscopy.R-9 

Bersin and coworkers at Tracerlab.studied the use of Kr85 clathrates 

R-10 with seven different targets chosen to give a band of ~ energies 

R-ll R-12 R-13 between 10 and 100 kev. Reiffel, Filosofo, and Ez'op . at the 

Armour Research Foundation, who have been especially active in this field, 
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have concentrated their attention on the beta-emitting fission products 

Pm147 , Kr85 , and Sr90_y90. They used tin and lead targets in most of 

their studies . 

. Promethium-147 X-Ray Sources. Promethium-147, a fission product now 

available in kllocurie quantities, decays by emission of a 0.223-Mev 

beta ray to Sml47 with a 2.65-year half-life. There is no known stable 

isotope of promethium. Sources were fabricated by compressing 

purity promethium oxide into thin pellets and encapsulating in aluminum 

source holders. Three hundred curies of promethium formed a cylindrical 

pellet 7.0 by 2.5 rom. A window thickness of 0.015 in. in the source 

holder allowed 94% transmission of the 38-kev photons. 

The x radiation from the encapsulated 300-curie Pml47 at 16 in., 

as measured by an ionization chamber, was 280 mr/hr. Radiographs were 

taken of the human. hand (Fig. R-6) with Polaroid 3000X film and of certain 

small objects to show how fine can be revealed (Fig. R-7). 

EzOpR-13 at Armour Research Foundation radiographed a human hand in 

40 sec using a 250-curie Pm147 source 9 in. from Polaroid 3000X film. 

The radiation from a Pm147 source can be increased by increasing 

the radioactive area of the source. If the pellet. is made 2.0 by 0.2 cm, 

the output can be increased by a factor of .... 8. Such a source may pro~ 

duce a detrimental penumbra effect; to improve the sharpness of the 

image, the distance from source to film would have to be increased. 

The important advantages of beta radioactivity for the pro-

duction of secondary x rays have been demonstrated.. In particular, Pml47 , 

because of its long half-life, beta emission, and freedom 

from decay products that produce energy photons, is particularly 

suitable for portable x-ray use. 
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One of the exciting applications of the radiant energy from radio-

isotopes is in the f~eld of process radiation. This includes a broad 

spectrum of investig~tions as' outlined in the talk by Fowler and , 

" I 
Aebersold* and in another talk by~churek. For example , Yavorsky and 

2 Gorin have evaluated beta radiation as a ,hydrogenati'on catalyst. In-

vestigators at Battelle Memorial Institut~ have reported on the'i~fluence 

, of radiation on graft ':coPOlymeri~ation,3-50n ;radiati,On-iriduc'ed nitra-

: ,6' " 
tion of hydrocarbons, and on enhancement of catalytic activity'from 

internal irradiation. 7 Armstrong ,and Rutherford at North CarolinaSta.te 

College have studied the modification of textile fibe:rproperties hy 

gamma. radiation. 8,9 Other reports' cover radiation-induced reactions in 

swollen polymers,IO the accelerating eff~ctof ~dditives on radiatiop­

induced 'graft 'polymeri zation, II and the mechanism of radiation-induced 

gelation. l2 The design of ,beta 'irradiators is thesubjec: ,of a report 

,by weinstock, Karalis, and Dell 'Abate of Radiation Applications 

Incorporated. 13 A rather comprehensive report from'William H. Johnston 

, 14 
Laboratories,'Tnc. deals with b~sfc studies in radlationtechnol?g:y. 

Considerable promise is also helq for the future of foodirra.di­

'ationand there is much work going 'on in this field. 15 The preservation 

of seafoods is reported ,by Slavin, Steinberg; and Connors of the ' l3i.l.rea,u 

of Commercial Fisheries,16 by Nickerson, Goidblith, and Masurovskyof 

MIT,17 and by Novak and Ld.:uzzo of Louisiana State University.18 An 

e~cellent survey and bibliography of packaging requirements for radi­

ation pasteurized foods has been published ,by Continental Can Company,l9. 

and the University of California" Davis Branch" has evaluat'ed radiation 

*See p 39, this issue., 
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technology in conjunction with postharvest procedures for extending 

shelf-life of f~uits and vegetables.20 Many of these topics will be 

covered .in detail in subsequent issues, with the food . problem receiving 

some attention in the next.issue of I&RT. 

Brookhaven National Laboratory has been designated by the AEC as 

the Commission f s center for studies of the 'effects .of high-intensi"!:iy 

radiat.ion. A report:of their -laboratory J the.-.!!igh .!,nten sj.. ty .!!adiation 

~evelopm.ent ',!:aboratory (HIRDL)" follows. 



RADIATION ENGINEERING ACTIVITIES AT 

BROOKHAVEN NATIONAL ·LABORATORY 

The BNL high-intensity radiation facility, 21 recently completed, 

and ~he program .currently being carried out ·in the facility are de-

scribed here. DisC1,lssions of theeconomics'of ~he large-scale applica-

tion.,af radiation .in.industrial processing;invariably are inconc;:Lusive 

because of the lack of extensive; reliable: data on source efficiency 

and of engineering experience in the fabrication and handling of mega-

curie quantities of radiation. The DivisiionofIsotopesDevelopment 's 

program at Brookhaven is directed toward fulfillment of these needs. 

Facility Design 

The, facility (Fig. IV-I) houses offices, laboratories, and a hot 

cell and caJ;lal complex. The cell.complex (Fig .. ·IV-2),designedfor re-
I 

I 60 mote handling .. ofl Mcurie 'of Co .,. is ·compoped .of a.work.preparation 

cell 13 x'15 x 14 .ft·high, an experimental irradiation cell14 x20 x 

.14 ft high,'. and a.connecting canal with two bays. The preparation cell, 

with its askociated special equipment 22 was designed for use in source 

decannln~, sorting, encapsulating, welding,.leak testing, calibrating, 

and assembling of abou,t 600 kcuries of 0060 now on hand. However, a 

great .deal .of versatilityhas:been built.intothe cell to permit han-

dling .of other isotopes . and a wide variety of speci'alized . irradiation 
I 

experiments. The ·experimental irradiat10n .cell is also versatile, 

having :been '. designed for 'large-scale batch ,aswell as continuous, 

irradiations of gas, liquid,. and soIid targets. 

The necessary shielding for this high activity is provided by 

4.5.ftof 240-lb/ft3 concreteon·thethree walls of each cellon which 

• 
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equipment co~trols and viewing windows 'are ·located. On the remaining 

walls.and the ceilings the'145-lb/ft3 concrete is'6.33 ft thick. Open-

ings in the ceilings through which.isotope shipping casks'may be moved 

are covered with plugs. Uniformity in $hieldingis maintained by such 

devices as overlapping:lam,inated aleel plates:in the recesses.for in-

stallation of lights, panels, piping, and air ducts. In the preparation 

cell, below the floor level, . are two water-cooled wells, with a .capacity 

of 300 kcuriesof co60 , for storage of source elements during sorting, 

calibrating, and encapsulating. Both cells are equipped with heavy-duty, 

Mo<;lel .8, manipulators and General Mills mechanical arms, which provide 

complete cell coverage. Provisions have' been made in both cells for 

future installation of pe·;riscopes. 

There are three viewing windows in the preparation cell and two, 

with provision for'athir~, in the irradiation cell. All cell windows 

are 3 x 3.5 ft 'on the inside, 1.5 x2.5 ft on the 'outside, and 54 in. 

thick. Remotely operated.lead shutters on each window will minimize 

radiation exposure of the lead-glass shielding windows when the windows 

are not in use and protect .them .against ,possible damage in case of an 

explosion inside the cells. 

Each cell is equipped with a stee1-encased,lead.access . door , 

7 ft3 in. wide, 8 ft ,3 in. high, 15 in. thick, and weighing 24 tons. 

The doors are remotely operated by an 'electrically powered chain ,drive, 

which slides them into and out of the 'entranceways. Pressure-·sensi ti ve 

safety stops on .the forward edges of the doors prevent injury ,to person-

nel or equipment by moving doors • The 'mechanisms that . ope rate the doors 

and elevators .are connected to an interlocking safety systemand'to 
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high- and .low-acti vi ty-'levei area-monitoring ·.devi'ces. To prevent trap-­

ping.of personnel in the cell, the door isdes:i,.gn~d so that it cannot 

be closed from inside. To close tfiedoor, the operator 'must ,first 

energize a timing device inside the cell with a key, thus checking on 

.. occupancy. The same key actuates a switch located outfSide' the cell to 

complete the closing. 

Material is moved ,into and out of -Eheirradiation cell and through 

the irradiation arrangements ·ther,ein by a conveyor . system. The two 

.labyrinth entranceways that .accommodate this system are three-segment 

U-shapedducts with two 9O-deg :bends, ~xtendingdownwardinto the floor 

to a.depth of 14 ft, :thenhorizontallyin the direction of the cell for 

'22 ft, and .finally up to grade inside the cell. The shaft portions are 

2.5 x2.5 ftand the tunnel portions, ,2.5 x 6·ft. This cell also con­

tains a remotely operated elevator fnsidea water-f;lled pit, 5 x 6 x 

22 ft .deep. Sources to be used for experimental irradiations maybe 

assembled.into arrays.on the elevator and.loweredinto the water tank 

when not needed. 

A stainless . steel-lined canal, 45 ft,long, 3 ft wide, and.16ft 

deep (with a .20-ft-de~p pit in the center), connects the preparation cell 

with .the irradiation cell. can'be'used for storing and transporting 

radioactive material~ Remotely operated.lifts·move ·in the vertical 

water~filled shafts that go from·the canal to each cell. At right .angles 

to the canal are two irradiation bays, 3 ft wide, 12 ft .long, and 12 ft 

deep, in which general laboratory irradiation services will be conducted. 

Conduit ducts from·the bay area to the,Iaboratory areas make possible 

the setting up of instruments in the laboratories to facilitate remote 
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recording of data." These underwater facilities will also be used .for 

exploratory experiments and pilot runs prior to ·larger scale in-cell 
" \ . . . 

experimentation. A gate at the·end of the canal,adjaGent tothe·work 

.preparatiqncell, may be used to ·isolate a portion of the canal water 

for t:esting and storage of newly encapsulat~d sources... Thi s. will mini-

mize the possibility of spreading contaminationfrom:the work prepara-

·tioncell. 

A water-c9nditioning syst.em treats the water in the canal and .in 

the source elev~tor ·pit. A holdup tank connected to the preparation 

. cell collects any contaminated waste. 

Program 

The program for ·the use of these facilities wilJ,. deyelopdatato be 

used in preparing a .radiation engineering design·manual. Gammashield­

ing and dose-distribution datawilI-be compiled ~nd correlated with 

theory in such a way that an engineer may arrive at sound.irradiator 

designs. The manual will contain the following chapters: 

I. Introduction 

II. Radiation Physics 

III. Computational Procedures 

IV. Source Design and Fabrlcation 

V. Irradiation Design and-Fabrication 

VI. Health Physics 

VII. Source Shipping . and Mlscellane.ous . Problems 

VIII. Economic Considerations 

IX. Safety 

X. Appendix 
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InBNL work with 'large-scale sources of low· activity.levels,.a.large 

number of experimental dose-distribution data have been determined for 

point, cylindrical, and slab source~. These have been obtained .prin­

cipallyfor homogeneous, 1 g/cm3 density, infinite, semi-inf;l.nite, and 

finite targets. 23,24 A simultaneous program'fordetermining experimental 

buildup factors for these geometries is continuing. 25 The·data ·are 

beinghandledernpirica,lly, and experimental boundary correction factors 

are being formulated for one,two,.and three boundaries. 

The problem of g~ radiation scattering through .airducts·in 

concrete shields has been investigated, in conjunction with ~fforts of 

the National Bureau of Standards, for.Targe, rectangu.lar,.~wo-and three­

segment.ducts with 9O-deg ·turns. Empf,ric~I calculations based on .experi~ 
.' . ..... ~~ 

·mental .data :involving the duct.parameters :have .been formulated. ,. 

Although these studies have not yet .led to analytical ~echniques for 

ductdesign,preliminary results are promisip.g. The re'sultsof recent 

BNL experimentaldeterminatioPs of the spectral distributions of· 

scatt~red g~ .rays inside air-concrete ducts hold.promise of develop-

ment . of an analytical technique. 

With regard to both the duct ,and the do-se-distributionproblems, 

the scattered .photonspectra;are" of course, of considerable interest. 

An .experimental approach has been developed by which the theoretica.l 

and experimental response matrix of a .scintillation spectrometer is used 

to convert the observed spectrum·to the actual spectrum 'of the target. 

The scintillators are small, 0.5 xO.5 .i-:q.., plastic and sodium .iodide· 

crystals. The IBM-7090 spectrum-unfolding technique used, which tests 

the corrections to the observed spectrum., yields the most'probable 

• 
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spectrum, with an estimated accuracy of 10%. Measurements based on 

these techniques will be useful in studying the 'effect ,of boundaries 

and inhomogeneities and in multiple-scattering gamma-ray;problems, 

which thus far have been solved only mathematically by Monte Carlo 

techni'ques. 

A large part :of the analytical and eXperimental effort ,is on 

d 1 t f t t " 1 ' d f . 't' . C 60 d C 137 eve opmen 0 compu a J.onaproce ures orJ.so ropJ.c 0 an s 

sources and fini tewater, watex-air" and water-aluminum targ~ts. The 

*' ' penetration acc-qracy range is O-iO mrp :f5%. Source'geometries are 

point 'and finite plane, slab"line, and rod. Target geometries are 

homogeneous, heterogeneous; and multilayer slab and cylinder. For 

~ny of t~eapplications under consideration, 'specifications require' 

'that the, ratio of the maximllin-to-minimum dose at any two points in the 

target not exceed i.25. In 'most cases the target ,is'less than one 

mean-free-path thick. The calculational 'problem is similar to that in 

shielding:problems except that a knowledge of' the distribution of the 

radiation flux 'within the target to 5% accuracy is required instead of 

knowledge of the quality and quantity of radiation escaping from the 

shield with perhaps 20% 'accurac,y. 

Techniques are being ,developed by the Monte Carlo method, the only 

one appropriate for t,he cases under consideration. These techniques, 

in the development ',of which the Bureau of Standards and Yale University 

will., collaborate, will ultimately In.&ke possible the handling of a wide 

variety of dose-distribution'problem.s. The method of successive scatter-

ings is too limited to be appropriate here. Calculations by the moments 

methods, primarily those of Goldstein, although appreciable, apply only 

* ' Mean free path. 
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to infinite media. 

A sizeable effort has-been expended on the development, testing, and 

evaluation of new high- and low-activity~level dosimetry systems. Among 

the high-level systems developed at BNL'are two ~ilicon ~olar cell 

dosimeters28 ,29 and two ferrous-ferric sulfate chemical dosimeters. 30 

The solar cell ,dosimeters are the nnn on'up " type dose rate meter with 

a range of 102-109 rads/hr, and the "pI! on lin" type integrating ,dosimeter" 

with atotal'dose range from'10 5 to 108 rad~. The chemical dosimeters 

are modifications of the conventional Fricke dosimeter and may be called 

t:qe "aerated"and,IIdeaerated" Fricke dosimeters. They extend the Fricke 

range from:l04 to well beyond 106 rads. 

The need for reliable,low-activitY-level dose rate measuring ,instru-

ments has led to development of a scintillation dose rate meter with a 

range from 0.1 mr /hr to 1 r /hr. It c,ontains a very small, o. 25 x·O. 25 

in., anthracene crystal connected by arong,thin, Lucite light pipe to 

a .lead-shielded photomultiplier tube and is suitable for point measure,.. 

ments~ 

Analytic and experimental efforts for'deve~oping generalized 

methods for irradiator design are in progress at,BNL. A considerable 

amount of data has been generated, aimed at ,evaluating,~rr~diator 

design parameters, e.g., source energy and .overlap, source-to-target 

airgap" source element design, and standardization, lenca,psulation, 1;;es·t­

ing, and safety • 31 Desi~ parameters have been studied fO'r Co60 , ,Na24 
J 

and Cs137 slab irradiator systems. 32 The effect of heterogeneous targets 

on design parameters has been considered in these studies. Analytical 

methods are also being developed. to treat a .limited number of standard 

• 
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cases of combinations of moving sources and/or moving targets by equat­

·ing them'mathematically to static cases. 

In general, ·,these design and analytical efforts are .aimedat 

optimizing the efficiency. of 'gamma-ray and gamma-energy utilization, not 

only for developing a .particular design'or'obtaining .aparticular piece' 

of information, but also for gaining abetter understaI!-ding of the 

·fundamentals involved •. This is illustrated by th~ study of electrical 

brea.kdown phenomena In cerium-protected .lead shielding glasses under 

intense gannna .irradiation, 'which has' been known to cause catastrophic 

internal. electrical discharge. 'The' study of this' phenomenon .. ispraGtical 

since it may occur i,n the window of ahigh-intensity-radiation cell. 

It is also' a means for studying some 'of. the basic mechanisms'of radiation 

damage in solids. Both experimental ~nd theoretical studies in this 

field are underway. 

At BNL a·theoretical calculationinvolving.classicalelectro­

magnetic theory and a theory of separation of charge has been. made to 

determine the. buildup 'of .electrical potential inside typical shielding 

glasses as a result .of gannna .irradiation. The experimental pro'gram 'is 

designed to test the predi¢tions .of :the theory and to corr~late.the 

breakdown process with other 'e:f:fectssuch as 'cerium color center :for:rna­

tion and fading, the buildup of temperature gradients, and the time 

duration and·pattern.of the.discharge .. Experimen~s,to date indicate 

that glasses with .high cerium content experience electrical breakdown 

more readily and at ,lower total doses .than those with. low cerium. 
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The decision to separateth1s section on "Source 'Development" 

. from the ·next. one on "Pewer Sources" waspureJ.Y arbi1;ra.ry. It was" 

felt that the latter would be orient~dtoward the "large-seale: 

applications, whereas·the former could emphas1ze therese~ch and 

development activities (with therea11zation, of course, that 

overlap is inevitable). 

• 
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Recent trends are toward preparing radioisotopic sources as insoluble • 

compounds; or in insoluble matr:lx~es to decrease the conta.m1na.t:ion bazard 

if the primary encapsulation is deatrqyed. Low leach rates and high 

abrasion resistance. make glass attractive as a radiation source 

material. .This is especially true for radioactive monovalent ions, 

such as Cs137" whose salts are very soluble. Much of the recent work· 

at ORNL has been directed toward preparing glasses fram the fission 

products, with strong emphasis on the preparation of cesium glasses and 

evaluation of their properties. Glasses prepared at ORNL include 

Silicate, 1-3 borosilicate4 and aluminOSilicate,5 with major emphasis 

on incorporating cesium into these g~asses for use as radioactive sources. 

ALpMINOSILICATE .. G~pES 

Aluminosilicate glasses are prepared by adsorbioga radioactive 

cation on a synthetic aluminosllicate ion exchanger (Decalso), mixing 

with a flux, and fusing at a high temperature. Although especially good 

.for making ce~ium sources, any radioactive cation can be adsorbed on 

Decalso. The ion exchange capacity of Decalso is~2.0 meqfg; however, the 

amo~t of a carrier-free tracer that can be adsorbed on the ion exchanger 

depends on the distribution coefficient of that ion, which in turn,depends 

on the salts present, their concentrations, and the selectivity of the 

ion exchanger for that ion rather than entirely on the capacity of t~e 

excha.nger~ 

AdSOrption Properties of Decalso 

Cations that have been found to be strongly adsorbed on Decalso are 

Cs, Rb, Ca, Sr, Ba., Sc"Ti, Cr, MIl, Fe, Co, Ni, Cu, Zn, Y, Zr, 

• 
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Ru(llI), Ag, In, Cd, the rare earths, Au, Hg, Tl, Pb, Am, U, and Np. 

Capacity is maximum at the pH of incipient bydroxideprecipitation. 
32 ::: Anions in general do not adsorb on Decalso, although P 04 adsorbs 

on the zinc form of Decalso at pH 10 with a distribution coefficient 

of N 30. 

The Decalso used as a source matrix is first ground tON 200 mesh, 

and the desired amount of material is contacted with the desired 

radioisotope solution for 1-2 hr .kcbange is complete for tracer 

concentrations in 30 min, but greater concentrations of cations 

require up ,to 2 hr for 90 ... 95% adsorption and 24 hr forN 99% 

adsorption o. 

Glass Preparation Studies 

Decalso (7.5% N&jO, 15•9%. A~03' 49.5% Si~,and 26.1% combined 

water) melts at 1450 - 15000Cto a glass. Compounds tested as fluxes 

to lower the melting range and viscosity of the glass include B203' 

CaF2,' and CaO; however, only CaO gave a glass resistant to leaching. 

The melting points of Decalso-CaO mixtures are shown in Table V-l. 

Since 8 ... 12% CaO gave the lowest melting glass, 10% CaO was used in 

the glass prepared for leaching tests. The compOSition of this glass 

after firing is 8.8% N~O, la-.7%' A~03' 58.1% Si~JI and 13.1% CaO. 

The glass is harder .than ordinary plate glass, and very resistant to 

therma.l and mechanical shock. 
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Table V-I Melting Points of Decalso-CaO Mixtures 

C9mposltion, wt % 

Decalso CaO 
Meltin§ 

Point, C 

100. 0. 140.0. 
96.5 ,3.5 1240.· 
92.5 7.5, 1180.' 
90.,.0. 10..0. 1160. 
88.5 ,11.5 1180. 
85.0. 15.0. 1210. ' 
80. .. 0. 20. .. 0. 1230. 
75.0. 25~0 1250. 
70..0. 30..0. 1280. 
67.0. ' 33 .. 0. ./']..90. 
56,.5 43 .. 5 1320 
53.0. 47.0. '140.0. 

Table V~2 Leachability of Decalso Glass Sources 

Isotope.Lea~hed from l-cm2 'Source 
in 68 hr at 25°C, % . 

Leaching, Solution 

Distilled water 

, Process water : 

8 ~'1 HNOa , 

8M HeI 

12 M H2S04 

25% HF 

6 MNaOH 

4'1!NH40H 

4 NI NaN03 

4M NH4NOa 
::. NI NH,F 

Sinlu~dted sea water 

<lx1o.-S 

<1 X 10-5 

1 X 10.-2 

3 X 10.-2 

1 X 10:-2 

7.0. 

2 x 10.-2 

1 X lo.-5 

1 X 10.-3 

1 x 10.-3 

5xlo.-3' 

1 X 10.-:-4 

< 1 X 10.-5 <1 X 10.-.5 

4 X 10.-5 1 x 10.-5 

3 X 10-2 2x 10.-2 

3 X 10-3 3 X 10-3 ' 

6 x,10-2, 2 x 10';"2 

10..0 3.0. 

IX 10.-3 3 X 10.-2 

2 x 10-4 2 X 10-3 

1 X .10-2 4 x 10.-2 

1 x 10.-2 4 X 10. .. 2 

5 X 10.-3 

1 x 10.-3 1 X 10.-3 

* Loading equivalent to 6 curies of Cs137 per gram 

<Ix 10."'5 

1 x.10-S 

3 ~ ",-3 
. X j.V 

4.0. 

l,rio-4 

• 

• 

• 



• 

• 

• 

276 

Leaching Tests 

In a 400-hr leach of the glass at roam temperature, 2-5 times as 

much activity was removed as in a 68-hr leach (Table V-2). The glass 

was resistant to all acids, bases, and salts tested except BF. The tests 

were made on O.l-me sources of Cs137, Sr89, Tl204, and Ce144• 

Source Preparation 

Decalso can be used to prepare glazes which have high abrasion 

resistance and law :solubility, yet are thin enough to be useful as 

sources of soft,B or q radiation. 

Sr89.. Ninety-nine percent of th.e activity of 7 ,p4mc of' sr8.9."was 

adsorbed on 0.5 g, of Decalso in 24 hr. The Decalso was mixed with. 10% 

CaO and fused at 13000C in an alundum cup to give a glass ~ayer 0.01 in. 

thick. There was no detectable~,:loss of Sr89 on ignition. The source 

surface smeared 103 counts/min, and after 2 days' equilibration with 2 !:! 

HN0
3

, 8 x 103 counts/m:1n, indicating that etching does not decrease the 

count. The observed radiation output was 3.1 r/hr at 20 cm, the calculated 

value being 305r/hr assuming no self ... absorption in the sourceo 

Alpha Sources 0 Alpha sources can be prepared fram heavy elements 

Am,24l, tf33~, or Np237 O2 ions by adsorption on Decalso. Thin films of 

glass (gla.zes), O~3-500 ;tthick, are fused to ceramic or stainless steel. 

Finely ground glass mix (75% Decalso +25% Be203'' mop. 10000C, is used 

with stainless steel), 0.1 mg/ cm2" in benzene containing 1 ... 2% Canada 

balsam, is spread on the backing material, and, after drying, is fused 

at 10000Co The efficiency of the alpha sources as a function of the glaze 

thickness is shown in Table V-3. 

Abrasion Resistance 

The abrasion resistance properties of the Decalso-B20
3 

sources are 

shown in Table v-4. 



• 

• 
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Table V-3 Efficiency of Am241 Alpha Sou~ces of 

Various Thicknesses . 

,1 mg Decalso =- 6885 dpm .0: 

Deca1so in 
, . G1ass'2 
mg/20 cm . 

Calculated 
Thickness, 

p 
Measured Al=a 
'dp~ dp,m!_ Efficiency 

Source 

.~1~1 

"I ... .., 
CS..;..;;ii 

·co 
Sr::J, 

..... -
Sr°:;J 

, .. " \:' 

Tl~v.t, 

.,!. '1 
Ce":""'" 

'(;2;3 . 

1.20 
2.20 
4.60 
4,.90 

0.3' 
0.6 

'1.3 
1.5 

8,088, 
, 14,773 
, 30,200 
34,280 

6,735 
,6,714 
6,564 
6,996 

0·978 
0.975 
0.953 
1.016 

Table v-4 Abrasion"Resistance 

Activity 
per cni2 

1 ~c, 

100 1JC 

Imc 

7''!::.c 

100 lJ.c 

100 ~c 

iob dpm 

Thickness 

~mm 

1 Imn ' 

l:ttn 

1 mrn 

1 mm 

1 mIll 

0, J}' 
~ 

Smear Material 

S~ncc.r r;:~:pcr 

Crocus clo:~h 

Smear p'll'er 
" Crocus cloth 

Smear 'p:.1.,P\?:r 
, Crocus cloth 

S:nc;.!r p'i>.per 
Crocu3 cloth 

S~e;lrp:.:l.pel" 

Crocus clo'en 

Sm.ear ~pcr J dry 
S.!!leo.r paper J wet 
Crocus cloth; dry 
Crocus cloth, v~t 
,Carboru.n.dtL~ . paper (000) 

Smear 
dpm/cm~ 

< :0 
<,10 

< 10. 
laC 

~coo 
4COO 

4000 
'1;.000 

< 10 
100 

<10 
100 

< :5 
5 

120 
240 
600 
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Granular Sources 

Small sources capable of giving a high radiation dose can be pre­

pared by absorbing a beta· emitter (Pm147 , Sr90 , Cs137, or ce144) on 

325-mesh Decalso and firing to about 10000C for 1 hr. At this tempera-

ture, although the Decalso particles do not fuse, the grains become glassy 

and the radioactivity is not .leached. Since the particles are smaller 

than 325 mesh (44 ~)~ there is little beta self-absorption,. especially, 

with Sr90 and Ce144• Since this type of source is prepared, it 

would be for short-half-life fission products as well as fo+ the 

longer lived isotopes. 

Assuming complete beta apsorption, the maximum rate maybe 

calculated in rads per hour per gram of absorher:.per curie for Pm147 , Sr90 , 

Ce144,and Cs137, where To is the maximum beta energy: 

Pm147 --. Nd147.+ t3" To.::::; 0.23 Mev/dis 

'Sr90 ~ y90 + t3, To: 0.54 Mev/dis 
y90 ........, Zr90 + t3, To 2.27 Mev!dis (total 2.81 Mev/dis) 

Ce144 ~ Pr144 + t3, . .'To 0.30 Mev/dis 
Pr144 ....., Nd144 +(3, To 2.98 Mev/dis (tota1 3. 28.Mev/dis) 

Cs137 ~ Ba137 + t3-, To = ·0.52.Mev/dis 

Assuming 1 g of adsorber, 1 curie of activity, and 100% absorption of 

the activity, calculated dose rates are: 

* rads 
hr. curl.e 

Dose R t * Approximate 
a e, Specific Activity, 

g 

(2.2xl012 dis) 
min. curie 

Decalso 
Capacity, 
curies g 

35 

7·2 1.4 

6.2 x 107 

. 3.1 x 106 

ergs 

• 

• 

• 
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SILICATE GLASSES 

Cesium silicate glasses were prepared from Si02, carbonates of the 

:;d1val~~t~~ta.ls;'. and cesium . carbonate; tl1e CsCo3 was prepared from 

ces~~: alums by the cesium·tetraoxalate process.7 Silicate glasses have 
' ........ : '" ......... : .. ,8, . '. . ' 
the general·formula ~0·yHO·zSi02' where x+y =1 .and z varies from 

2.5 to 4.0. The ~O component can be N~O, .K20, or, in the case of Cs 

glasses, Cs20. The function of the H20 group is to decrease-the viscosity 

of the glass; hoWever, the. proportion ro: ~o Shoul~ not be greater than 

008 or the leaching rate of the glass will be excessive. The function 

of the HO group is to decrease the leaching rate and to improve the 

annealing properties of the glass. The 8i02 is the major glass-forming 

constituent, and should be present to the extent of 2.0 -4.0 moles per mole 

of the basic oxides (~O, HO). Glasses containing less than 2.0 moles of 

Si02 tend to crystallize, while ~hose containing greater than 4. moles of 

8i02 are too viscous to flow well at 1200-13000C. 

Table V-5 shows the effect of various diva.lent oxides on the 

leachirig rate, melting r8.nge', and density of the giass. Although', there 

is little difference 10 the leaching ·rates of glasses of similar 

compos~tions, some of. the ox~des .have di~advantageso Zinc oxide, 

dissolve's slowly in the g~ass melt and has a strong tendency to devitri:fy. 

Barium oxide glasses low in Si02 also have a. strong tendency to 

devitrify after long heating at 800°C, but. this is not true with 

> 3.0 Si02 • Cadmium oxide volatilizes from the melt at l1500 C 'or higher, 

especially if a stream of air is passing over the melt. Lead glasses must 

be made in an oxidizing atmosphere to prevent formation of ·lead··metal. 

Calcium and strontium oxides give good cesium glasses melting at 1300-13500C, 

whereas barium oxide glasses melt lower, at 1200-12500 C.. All the glasses in 

Table V-5 contain 35-45 wt 10 CSo Table v-6 shows the effect of the ~O:HO 

ratio on both the leaching rate in water at 25°C and the volatilization of 

Cs at l2000 C in the Cs20-CaO-Si02 system,_ 
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Table V-5 • Effect of RO GrouE on Leach1ns Rate& Dens1tl2 and Melting Ranse 
, i Cs+£ea.ch~ Melt,.. " 

Cs Content D~ns1ty, ing Ra t'e, . :Lng, ' . 
Empir1cal Formula ~ cZsslass sLcm3 mgl cm2.d Rari~e z .at ' 

0.15 Li20 0.55 CS20 04!3 CaO 2.7'S102 41.5 41.0 3·00 ' 1.7 1300-1350' ,/ .: .. 

0.15 L120 0.55 CS20 0.3 ZnO 2.7 S1~ 40.5 43.1 3.22 2.4 1250:"1300 ., 

0.15 Li20 0.55 CS20 0.3 BaO 2.7 Si02 38.0 40.3 3.21 2.0 1200-1250 " 

0'.15 Li20 0.55 CS20 0.3 CdO ,2.7 Si02 38.8 '41.8 3.26 2~7 1100-1150 . 

0.15 Li20 0.55 cS20 0.3 PbO 2.7 Si02 , : 36.0 44.0 3.78 4.7 1050-1100 :' 

0.15 Li20 0.55 cs20 0.3 SrO 2.7 S1~ 39.8 41.5 3.17 2.0 1300-1350 . 

Table v-6 • Effect of the B20:RO ~tio on the Leaching Rate and Volatility of Cs~ 

from CsZO·CaO Glasses 

Volatilization 
Rate at Cs 
12000C, Leaching Rate, 

Glass s/cm2.hr :, 'trficm2.d 

0.5 C820 0.5 CaO 2.7 S102 0.5 <: 1.0 

O.55, Cs20 0.45 CaO 2.7 S1~ 0.7- <:.. 1.0 

0.60 C820 0.4 CaO 2.7 Si02 1.2 1.0 

0.65 Ca20 0.35 CaO 2.7 S10z 1.5 1·3 

0.70 C620 0.30 CaO. 2.7 S102 2.0 1·7 

0075 Cs20 0.25 CaO 2.7 S102 5.0 5.0 

1.00 C820 (. 2~7 S102 . 9·0 V.$!' 
It!.""'-

• 
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Generally,:.9.s leaching and. volat 11i·zat ion rat.es from silicate glasses 

are low,. However, glasses with a high calcium oxide content have a lower 

volatilization rate at 1200
0
C and a lower leaching rate than those with 

less divalent oxide. The Si02 content also has a great influence on the 

·leaching and volatilization rates of cesium oxide fram the glass. 

Table V-7 .shows that increasing the S102 content lowers. the leaching 

and volatilization rates at l2000C of cesium from the L~0·Cs20·BaO·Si02 

system. 

A good cesium glass for molding glass bars is 0.8 CS2000.2BaO·3.5Si02.9 

This glass contains 45.7% Cs and has a density of 3.1 g/cm3, gi~ing a 

Qs137 activity conce~tration of 47.4 curies/cm3• The leaching rate is 

<2mg/cm2.d.ay and the volatilization rate<2mg/cm2.hr at l200oCo The 

glass does not have a tendency to devitrify, and can be annealed at 

500oC. This glass would be useful for molding cesium rods or bars for a 

radiation source or right cylinders for heat sources. 

Bo.ROSILICATE GLASSES 

Cesium borosilicate glass, CS20·B20304.2Si02' has been prepared 

.4 40 at ORNL by precipitating cesium tetraphenylboron with 2 -mesh 8i02, 

calcining at 700°C to form CS20·B203°402Si02' and melting at l200-13000C. 

The glass contains 44 wt % Cs and has a density of 3.1 g/cm3• At 

l2000C it volatilizes at a rate of 35 mg CS20oB203/cm2ohr. The.Cs 

leaching rate of such a glass is 002 mg/cm2 °do Cesium borosilicate 

glasses are difficult to anneal and have a tendency to crystallize if 

cooled too slowly in the temperature range llOO-1200oC 0 



Table V-1' 

Eff.~,c:~:. of. 8i22 on Pl'o~~.~ j;es of I.,j20·Cs20oJ3a08i02 Glasses 

CS20 
Volatilization Cs Leaching 

at 1200oC, Rate in H20, 
~~. __ .' , ___ ~_~Gla~~ __ ~_~~ .. ___ , ___ ~ ___ ~._,~~!c)~_h_t~~ ___ ~~/~c_m_2_._d~~R_e_~~rk_s~.~~~~_~_r __ 

0.15 1.1.20 . 0.55 Cs20 0.3 BaO 

0.15 L:i.2O 0.5:i CS20 0.3 EuO 

0.15 Li20 0.55 CS20 0.3 Baa 

0.15 Lj'20 ' ' 0.55 Cn{IO 0.3 B~l() 
t:.. 

0.15 Li20 0·55 CS20 0.3"BaO, 

0.15 Lt2 0 0.55 CS.·,O 0.3 HaO 
( 

0.15 Lt, J1 0.)) (::,' .. 0 o .) F;nO, .. ) 
C. L 

• 

2.0 8i02 10.0 

2.5 sf O2 )1· .0 

2.7 Sj.~ J 2.0 

3·0 Si02 1.5 

3·5 8i02 1.0 

5·0 C'·o u1'2 o .l~ 

10.0 ;;JO,.) 0.2 
t:~ 

.' 

, 10.0 

5.0 

1.1 

0.5 

,0.3 

0.1 

Glass tends to be 
devitritied, 

Glass tends to be 
dey J:tl~tf ied 

Glass tends to be 
devit'rified on long 
heating 

Good glass 

Good,glass 

Viscous glass at 
l2000 C 

Very viscous glaGs 
at 12000 C 

• 
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Table v-8 
-----~.-

Properties of Hadioact:i.ve Ces:i.um Glasses Pre'oared at OHHL _._-_ .. -----_ .... _._ .. _-.. --.-......... -_ ... -.-_._-----.---._--._-_.'..--------
" Leaching 

C' ]'('n(' -tty "p .• ,.; ,,~. / \,,!:ltt,w ~1te in Volit.ization 
___ ._ .. _. ___ .. _~ .... ".0}:~!:~~., .. ____ 4, __ ._ •• ~ __ ... %.~~. __ ._._ .. JJ!J!~~~ .... _:_~~~:.;;~\~~:.~ ___ ~m~_IJ~ 8;~_?5:-.....0_C ___ ~~e·i~·:,-:-.. ~\erri:.trkf3 

44 

1:.. h 1 I 
c"/~ c'urie 

l,S controlled by cl:; ,n 

:~.lO 

3·10 

2 rng/cm2 ,. hr 10\-1 volatLI i.ty,l 
at 12000 C 10\-1 solubj.lity, 

eaGily aLn(~:;:.lcJ. 

can be molded: , 

OellO 2.5p.g/cm~.d 2 l-lg/cn? .. hr hJ.gh mclt:i.ng, 

O~207 0.2 mg/cm2 .d35 mg/cm2 . 
'hr at 

'1200oC 

very viscous, 
very 10\-1 

solubility and 
volatility 

high volatilit:,· , 
low solubility; 
difficult to 
armeal, tencls t ,) 
be devitrif:i.cd 

, c:,nd not by vapor pressure. 
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CONCLUSION 

The properties of these tlaree types of glasses are summarized in 

Table v-B. 

Much Of the present work has been done with fission products, but 

'many of these same cesium glasses are amenable to use with other,radio­

active elements, such as those produced in cyclotrons and reactorsj 

this is especially true of the aluminosilicate glasses. Incorporatio~ of 

many of the more "exotic" tracers into glass for use as radiation sources 

will greatly increase the utilization of various radioactivities, such as 

positron, alpha, and soft x-ray emitters, as well as widen the field 

of gamma' sources av~ilable for radiation studies. Incorporatj,on of 

radioactive materials into glass, followed by encapsulation, approaches the 

ultimate in safety from conta.m1nation for the user of the radioisotope. 

R. E. L. 

• 

• 

• 
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The heat generated boy radioisotopes during decay may be partially 

converted to electricity and thus used_ as a power source. Such thermo-

electric generators are suitable for both terrestrial use in remote areas 

1 and space use. The generators for remote-area terrestrial use are 

discussed here, which, in the present state of development, are based 

largely on fission-product radioisotopes. Most of the current space 

applications, SNAP lA being an exception, use alpha-emitting isotopes l 

and are not discussed here. Properties of radioisotopes that are of 

interest for making power sources are reviewed in references 3 and 4. 

Continuing work on fission products is reported regularlyo5 

RADIOISOTOPE POWER SOURCES 

In 1957, Hittman
6 

presented availability and cost studies that 

showed the feasibility of specialized-low-power-output applications for 

radioisotopes. Subsequent research carried out under contract with the 

Division of Isotopes Development in cooperation with other Government 

agencies has resulted in development of radioisotopes-fueled generators. 

A 5-watt thermoelectric generator (Fig. VI-I) fueled with 17,500 

curies of Sr90 and an automatic nuclear-powered meteorological data-

transmitting radio station for unattended service were designed~ manu-

factured, and tested by the Martin Company for the Division of Isotopes 

Development and the U.S. Weather Bureau. After extensive testing, the 

system was installed on Axel Heiberg Island in the Arctic in 1961, and 

is still operating satisfactorily.7, 8 The system automatically measures 

air temperature, barometric pressure, wind direction and two-wind-speed 

averages. Once every 3 hr it transmits the data in binary digital form 

to a manned receiving station, where it is recorded on a two-channel 
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recorder. Temperature, wind direction, and barometric pressure are read 

at the instant of transmission. Wind is averaged over an 8- and 

a I-min interval immediately before transmission. The generator and 

data telemetry package are in an insulated cavity 8 ft below the ground 

surface. Although the permafrost temperature varies from -10 to +30°F, 

the 95 watts of waste heat manufactured keeps the cavity between 40 and 

The strontium is in the form of strontium titanate, whose solubility 

in.O.lN acid and base'at 120°F in 750 hr was shown to be less than 5 ppm. 

Tests in both fresh and sea water indicated that more than 900 years 

would be required to dissolve the pellets tested. Strontium titanate 

melts at :l910°C~aWhile 600°C.is the maximum expected fuel temperature 

in a sr90Ti0
3 

thermoelectric generator. The Hastelloy,C capsule used 

for the fuel is not pitted in seawater and is corroded at a rate of 

0.0001 in./year. 

A Sr90 titanate-fueled generator (SNAP 7A, Fig. VI-2) was also 

developed for a U.S. Coast Guard light buoy.9 The generator supplies a 

nominal 10 watts of electric power at the end of the 10-year design 

life with an operating voltage of about 5 volts and is designed .for 

operation without .maintenanceor attendance for 2 years. The fuel is 

encapsulated in Hastelloy C and is shielded with depleted uranium. The 

SNAP 7D 60-watt generator 10 is also fueled with Sr90 titanate, which is 

sealed in Hastelloy,Co It is designed to provide electrical power for 

the U.S~ Navy floating weather station in the Gulf of Mexico without 

attendance or maintenance for 2 years& 
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The Chance-Vought Corp established both the economic and technical 

feasibility of a radioisotope-powered heat source for water desalination 

(Project, Artesia).l~ A laboratory test model source capable of producing 

250 gal of water per day was designed, in which 1 Mcurie of Ce144 and a 

6-stage flash ,evaporator are used. The most economical source is con-

sidered to be the calcined gross fission product (CGFP) waste from pro-

cessing of spent reactor fuel elements. ,At a distance ,of 400 miles from 

the fuel processing plant, such fuel would cost $0. per million Btu, 

which is the, sarn,e as the cost for conventional fuels used to produce 

steam. The use of various s:eparated fission products was also investigated. 

_, '/_; Cs137 as a power source has been investigated by the Royal Research 

Corp., with special emphasis on underwater applications. A complex 

borosilicate glass, containing 43 wt % cesium, was found to have a very 

low solubility and to be suitable as the heat source. After numerous 

safety tests, a prototype thermoelectric generator was designed to convert 

the decay heat from ,000 curies of Cs137 (124 thermal watts) t05 watts 

of electricity (Fig. VI-3). On the basis of this preliminary work, Royal 

Research Corp. and ORNL fabricated a source for an underwater seismograph 

deviceo 

, CALORIMETRY FOR MEASURING RADIOACTIVITY 

The use of calorimetry at ,the Isotopes Division of ORNL was started 

as a part of the program to produce large radioactive heat sources. A 

calorimetric method was desired, since it would give direct measurements 

of the rates of heat ,production and thus would eliminate errors associated 

with uncertain ,knowledge of the isotope decay schemes. It is the only 
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feasible method of measuring directly the radioactivity of large samples 

that produce onlyalphl;!. or beta radiation. The dependability of calori-

metric methods and their generally greater accuracy than competing counting 

procedures h&s led to their increasing use. 

Calorimetry as applied to radioactive sources differs in one basic 

respect from conventional calorimetry: the quantity measured is a power 

or rate·of heat .production and is measured in Buch units as watts or 

calories per second while ·in conventional calorimetry a. quan~ity of heat. 

is measured in units such as 'watt-hours or calories. Because of this fact, 

most of the many commercial calorimeters cannot be used for the assay of 

radioactive sources. 

A number of calorimeters for assaying the power of radioactive sources 

have been described in the literature,13, 14 since the first was described 

by Rutherford and Barnes in 1904. 15 These c&lorimeters vary greatly in 

detailo However, the operation is in all cases based on one of the 

following measurements: 

1. Rate of temperature increase of a.mass of material of knoWn heat 

capacity 

2. Temperature gradient produced by the conduction of heat through a 

path of known properties 

3. Temperature increase of a constant stream'of cooling 'fluid 

4. Rate of vaporization of a liquid 

Most' of the calorimetric work· in the ORNL Isotopes Development Center has 

been done with simple calorimeters developed here. These are of the 

second type mentioned above. They, occupy a minimum of hot cell space and 

are easy to operate, resistant to damage, and low in cost. 



The basic parts of these calorimeters. is shown in Fig. VI-4., The 

upper part is a metal cup mounted on a metal shaft, at the base of 

which is a heat sink cooled by a stream of water at constant temperature. 

The heat produced by radioactive decay of the source is absorbed by the 

cup and conducted down the shaft to the sink. At steady state, the 

temperature difference between the top and the base of the: shaft is 

essentially proportional to the rate at which heat is prod~ced 9Y the 

radioactive source. This temperature difference is measured by a thermo­

pile with junctions attached to the surface of the shaft. Cqpper lead 

wires are attached to the thermopile at hot end of the shaft. Extraneous 

heat loss is minimized by enclosing the cup and the shaft in an inverted 

Dewar flask .. 

The materials of construction were selected to maintain nearly exact 

proportionalit'y between the thermopile output and the thermal power of 

the source. Iron-constantan couples were chosen for the thermopile 

because their sensitivity (mv/oC) varies only slightly within the range 

of temperatures measuredo Copper was selected for the shaft because its 

thermal conductivity is relatively.const.ant .. The departures from constancy 

of thermopile sensitivity and thermal conductivity that do occur are 

opposite in effect to the small loss of heat through the Dewar flask. 

The calorimeters are calibrated before use by means of' an electrical 

heater placed in the cup in substitution for the radioactive source. The 

voltage drop across the heater, the heater current, and the thermopile 

output are measured with precision electrical equipment of commercial 

manufacture. These electrical measurements during calibration and those 

during use are the only instances during which a high degree of precision 

• 

• 

• 
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Table VI~l CALIBRATION DATA OBTAINED WITH CALORIMETER SHOWN IN 
UPPER LEFT HAND CORNER OF FIG. IV-5 



the thermal powers of ganrrna-emitting samples can be determined tn 

approximately the 'same time, (1.5-2 hr) as that required withcalori-

meters de$igned for use with alpha- and beta-emitting.materials. Some 

uncertainty is added because of differing degrees of self-absorption 

of ganrrna radiation by the samples themselves. 

The last calorimeter, was designed for use with sma~l samples ,of 

alpha- or beta-emitting materials held in a standard capsule useo. for 

irradiation of samples in the hydraulic tub~s or the OakRidge Research' 

Reactor. Measurements are accUrate to 0.005 watt in the range, 1.;..10 watts. 

A similar calorimeter with thick uranium walls has been constructed for 

ganrrna-ray absorption. It has been used primarily for the assay of 

small Irl92 samples. 

A calorimet~r for assaying alpha-emitting sample'~ of 30''''300 watts 

is being constructed. It will extend the range of sample power that 

can be measured. Since the shaft has a much larger gross thermal con;.. 

ductivity than that of any of the calorimeters previous'ly ?onstructed, 

it will be a test of the degr,ee to which the ti,merequired to reach 

steady state can be reduced by this means. 

Flow Galorirp.eters 

Assay of sources in the form of long thin rods has sometim~s been 

necessary. Calorimeters of the preceding typeare'notwell adapted for 

sources of ,this shape. Two calorimeters, one for alpha- or beta-emitting 
Ifor ' 

sources and one ganrrna-emitting sources, have been made. Tbese calori-

meters use the increase in temperature of a 'constant and ,accurately 

measured stream of water as a measure of the rate of heat production by 

the source. 

• 

• 

• 
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must be attained. Comparatively loose tolerances are permissible in 

fabrication • 

. The design of a calorimeter of this tyPe. involves a suitable compromise 

between accuracy and speed. of operation. The approach to steady staife is. 

described approximately.by 

e C I = U n 

where e is the elapsed time,' C is the heat capaci~y of the sample cup and 
. . 

upper part of the Dewar flask· (The :primary assumption is that these are 

at the same temperature),· ,6T" is 'the difference in temperature ,between 

the ends of the shaft, LYr is this temperature difference at.steady , " . ss " 

state, and U is the gross thermal conductivity of the shaft. The time 

required for LYr to. reach a ~iven fraction Of LYr2~ is/thus·inversely 

proportional: to the thermal conductivity of the shaft. However, LYrss is 

inversely proportional to U. Consequently, since. the error caused by 
. . . . 

fluctuations in cooling water temperature and by limits of precision 

of the measurement of the thermopile output are approximately inversely 

proportional to LYrss ' the increa~ein speed is accompanied bya loss of 

preoision. Furt.hermore, if Uis increased until the resistances to heat 

flow from the sample to the cup and from the cup to the Dewar flask are 

significant' compared to the shaft resistance,.the time required will 

not decline as rapidly as predicted by the equation. 

Four Of the calorimeters that have been constructed are shown·in 

Fig. VI-5., minus the Dewar f~asks and thermopiles. The first (upper 

90 left) was designed fo:r measuring the thermal' powers of Sr samples of 

5-50 watts. 'rhe shaft LYr is -1.5°Gper watt. 

, . 
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Fig. VI~>. The.rmal Conductivity Calorimeters 
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The reproducibility of results obtained with this calorimeter are 

illustrated by the calibration data given in Table IF,l ••. No. individual 

value of the calibration constant differs from the average by more than 

0.13%. If deviations from the average are treated as random errors, the 

95% confidence limit of a single determination is 0&2%. 

The performance of the calorimeter is only moderately sensitive to 

the rate of flow or to the temperature of the water provided 

both are constant during any given determination. Variation of the flow 

rate from 1.1 to 8 liters/min produced a change only 0.4% in the 

calibration constant. A change in the cooling water temperature from 

10 to C lowered the constant by 1.4%. A of 1056% was cal-

culated from the known change of the iron-constantan thermopile and the 

copper shaft with temperature. The agreement is within experimental 

error. 

The second calorimeter (upper right) was for use with 

of 5-50 watts. The cup is constructed of metallic uranium 

and has walls 1-1/16 in. thick. The gamma ray absorption is nearly 

More than 9908% of the total energy is absorbed. 

Because of the heat capacity of the thick-walled cup a much longer 

time (7-8 hr) is required for this calorimeter to reach steady state 

than is required for calorimeters for use with only alpha- or 

materials. The results are no less accurate, however, 

and results are reproducible within 0.2%. 

The third calorimeter (lower left) is to allow more rapid 

measurements of gamma-emitting sources. The thinner walls absorb a known 

fraction of the radiation (94.85% of the total energy from Cs137 ). Thus, 
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Table VI-l CALIBRATION DATA OBTAINED WITH CALORIMETER SHOWN IN 

Thermal Power, 
yatts 

24.18 
24.32 
18·38 
18.08 
12.27 
12·32 ' 
6.17 

UPPER LEFT HAND CORNER OF FIG. IV - 5 ' , 

Thermopile Output, 
mv 

6.594 
6.626 
5.005 
4.929 
3·339 
3.354 
1 .. 682 

Calibration Constant, 
watts/my ' ", . 

3.667 
3.671' 
3.673 
3.669 
3.674 
3.675 
3.676 

3.672 (avg • .), 



the thermal powers of gamma-emitting samples can be determined in 

approximately the same time (1. hr) as that required with calori-

meters designed for use with alpha- and beta-emitting materials. Some 

uncertainty is added because of differing degrees of self-absorption 

of gamma radiation by the samples themselves. 

The last calorimeter, was designed for use with small samples of 

alpha- or beta-emitting materials held in a standard capsule used for 

irradiation of samples in the hydraulic tubes or the Oak Ridge Research 

Reactor. Measurements are accurate to 0.005 watt in the range 1-10 watts. 

A similar calorimeter with thick uranium walls has been constructed for 

gamma-ray absorption. It has been used primarily for the assay of 

small Irl92 samples. 

A calorimeter for assaying alpha-emitting samples of 30-300 watts 

is being constructed. It will extend the range of sample power that 

can be measured. Since the shaft has a much larger gross thermal con-

ductivity than that of any of the calorimeters previously constructed, 

it will be a test of the degree to which the time required to reach 

steady state can be reduced by this means. 

Flow Calorimeters 

Assay of sources in the form of long thin rods has sometimes been 

necessary. Calorimeters of the preceding type are not well adapted for 

sources of this shape. Two calorimeters, one for alpha- or beta-emitting 
jfor 

sources and one gamma-emitting sources, have been made. These calori-

meters use the increase in temperature of a constant and ac'curately 

measured stream of water as a measure of the rate of heat production by 

the source. 

• 

• 

• 
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ApplicationR of Calorimetry 

Calorimetric methods are used for the final check of the magnitude 

of the heat output of the radioactive heat sources produced by the Isotopes 

Development Center and are for control analysis during manufacture of the 

16 materials of these sources. Calorimetry also ,provides a convenient 

measurement of the degree of conversion, by (n,r) reaction, of samples 

exposed in atomic reactors. The samples are removed from the reactor, 

and the thermal power is measured without removing the sample from its 

container. This method has been used notably in the curium development 

program. 

One notable project carried out in support of the above work was a 

decay study of an irradiated Am241 sample. Although the thermal power 

f th ' I I I'd d b th em242 d t . . f . t o lS samp e was arge y pro uce y e pro uc , slgnl lcan 

fractions were produced by fission products and by long-lived trans-

uranic impurities,., The quantities of these other radioactive materials 

present in samples were commonly calculated, and it was 'desired to check 

the accuracy of the methods of calculation. 

A decay study was carried out over a period of 65,days (Fig. VI-6). 

The total or measured powers were corrected by the normal method for the 

contribution of fission product decayo 'Since the decline of the corrected 

power with time could be attributed within experimenta,l error'entirely 

to the decay of em242 to pu238, these values could be correlated with 

time by a least mean squares equation, using literature values for the 

half-lives and energies of decay of em242 and pu238• Agreement of this 

derived equation with the data was excellent; the standard deviation of 

the points from the equation was only 0.0023 watt, or 0.06% of the average 

power of the sample. 
J. C. P. 
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The literature on medical uses of radioisotopes is briefly reviewed 

here.* Since developments in this rapidly expanding field have been 

summarized in various well-documented publications,l earlier original 

literature was not extensively consulted. Only a few of the many pub-

Iished papers are listed here, and emphasis is on recent, rather. than 

older, work. Since many reports are preliminary and opinions on the 

effectiveness of some of the isotopes differ widely, in future issues 

of this quarterly various viewpoints on the medical use of radioisotopes 

wi'll be presented, and some of the' less well-known isotopes, both old 

and new, will be :r:'eviewed. Readers with publications in this field are 

.invited to send .in reprints to ensure coverage. 

The medical use of artificial radioactive isotopes began in the 

late thirties. 2 The increasing interest in them-is indicated by the 

-numerous conferences,3 journals,4 bibliographies,5 and reviews6 partly 

or entirely devoted to this field. Radioisotopes are used in both 
. . . 

diagnosis and therapy (Table VII-17), ihthe:.former d:ir-::exti.r:emefy:.small 

amounts;: iii the latter, chiefly in malignant or malignancy-related con-

di tions. Safety in the.ir use is ensured (1) by requiring the licensing 

of physicians who use them -- and then only after special training;, 

(2) by sta~dardization of handling techniques and adoption of special 

safety regulations' by hosPitals. 8 EarlY fears of long-term adverse· 

*The editors of this review gratefully acknowledge the many helpful 

suggestions made by W. G. Myers, M.D., and M. Brucer, M.D., who reviewed 

a rough draft of the manuscript. Some of their suggestions tnatcould 

not be readily incorporated will be used .. in future issues. 



Table VII-l. ·Radioisotopes Used in Diagnosis and Therapy* 

Test 

1131 studies of thyraid functian; 
NaI, usually oral 

1131 for diagnasis of thyroid 
carcinoma; .oral 

Fe59 iron metabolism; usually 
intravenous iron citrate; oral 
doses used to study absorptian 

Cr51 red cell survival; red cells 
labeled with Cr51 in vitro and 
injected .intravenously 

I l 31-labeled rose bengal; intra­
venous 

• 

Diagnosis 

Measurement 

Percentage of dose concentrated in 
thyroid, percentage of dose excreted 
in urine; plasma free and bound 1131 

Scanning and external procedures 

Serial plasma assays far-several 
hours; red cell assays for about 
10 days; external counts over 
spleen, liver, sacrum; bJ.;ood and 

-fecal assays after oral dose 

Serial assays of blood (red cells) 
for 2 or 3 weeks; external counts 
over spleen, liver, heart; fe.cal 
assays for gastrointestinal 
bleeding 

Fecal and urinary excretion; some­
times external counts over liver 

Rates of removal from bloodstream 
and -concentration i~ liver 

• 

Usefulness 

Valuable index of thyraid 
function; drugs cause inter­
-ference 

Relatively little value While 
. normal thyroid gland present; 
highly useful in locating 
well differentiated metastatic 
lesions after thyroidectomy 

Helps e~lain mechanism of 
some anemias, importance of 
impaired erythropoiesis versus 
hemolysis]- o'ral test indi­
cates absarptian defects,,· 

Indicates rate .of hemolysis 
and to some extent the role 
of the spleen in hemolysis 

Shows fundamental defect of 
pernicious anemia even if 
patient is not in hematologic 
relapse 

An index of liver function 
.and biliary patency 

• 



• 
Table VII-lo Contd 0 

Test 

1131-label~d fat; oral 

Cr 51 p32 red cell mass· 1131 
, J 4 

albumin-plasma volume, Na2 , 
K42 for Naand Kspaces 

113l as Na1; usually oral 

• 
Measurement 

Blood, urinary, and fecal levels 

All based on dilution principle; 
solution of isotope (or suspension 
of red cells tagged in vitro) 
given intravenously and after mix­
ing in the body, blood concentration 
determined 

Therapy 

Patients Treated 

Uncomplicated Graves'disease 
patients over 40; complicated 
Gravest disease any age 

Toxic nodular goiter in selected 
patients 

Usefulness 

Information on intestinal 
absorption, pancreatic 
function 

• 

These tests give data on red 
cell and plasma volumes, 
fluid balance and electrolyte 
status; :rriay be helpful in 
presurgical evalliation, study 
of metabolic and endocrine 
disorders,.. 

Usefulness 

General results excellent; 
multiple doses needed in some 
cases; significant incidence 
of early or delayed myxedema 

Eventual control of toxicity 
in most cases; may require 
repeated doses;· concern over 
malignancy already present 
at onset, plus desire for 
rapid result, may reconnnend 
surgery for patients who can 
be well prepared 



Table VII-l. Contd. 

p32 as soluble phosphate; oral 
or intravenous 

Colloidal Au198 p32 y90 , , 

• 

Patients Treated 

Thyroid carcinoma in selected 
patients 

Certain patients with .angina 
pectoris or intractable congestive 
heart failure 

Chronic granulocytic leukemia 

Chronic lymphocytic leukemia 

Polycythemia vera 

Lymphosarcoma , multiple myeloma, 
,diffuse bone metastases 

Acute leukemia, Hodgkin's disease 

Intracavitary in patients with 
effuB±bns and ascites caused by 
·malignant tumors 

Intravenous for granulocytic 
leukemia and diffuse lymphoma of 
liver 

• 

Usefulness 

For treatment of relatively 
small group of patients with 
nonresectable lesions showing 
ability to concentrate the 
isotope 

Clinical improvement in sig­
nificant percentage 

Generally good results 

Useful, often in conjunction 
with local irradiation 

Good results in patients not 
suitable for phlebotomy alone 

Occasionally some value 

Rarely useful 

Symptomatic value; partially 
supplanted by nitrogen 
mustards 

Very ··limi te.d value compared 
with other forms of therapy 

• 



• 
Table VII .. l. Contd. 

Co60, Csi37, radium-226, 
radon-222, Sr90for implantation 
and brachytherapy 

co60 , Cs137 for teletherapy 

• 
Patients Treated 

Direct injection into·tumor in 
certain cases of prostate carcinoma; 
attempt to radiate .lymphatic 
channels 

Certain localized tUmors, especially 
carcinoma of cervix, head, and neck 

For all lesions suitable for 
external ·radiation therapy 

• 
Usefulness 

Believed useful if properly 
used in carefully selected 
cases 

Useful in skilled hands for 
properly selected patients 

Highly useful and practical 

*Reprinted with minor. style changes with the kind permission of publishers, fromG .. Ao Andrews, 
Medical students and radioisotopes, The New Physician, 9(12):23-7 (1960). 
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effects on patients have been tempered by the results of experience. 

According to Lawrence,9 for example, cancer ~as not once been reported 

as a result of radioactive iodine therapy of thousands of hyperthyroid' 

patients; and in 25 years, the survival rate of more than 500 poly­

.cythemia vera patients treated with p32 has been about the same as 

that of patients with diabetes orperni"cious anemia treated. by' standard 

methods. There.is wide usage of radioactive iodine for toxic goiter 

32 . 
in patients. over 45, of P . for polycythemia vera, and of various iso-

topes for pituitary or thyroid ablations to relieve other conditions. l 

Among the radioisotopes now used in internal medicine in the l~rg­

.e'st amounts are 1131 , p32, Au198 , Cr5l , Fe59, and Hg203, but many 

others are used in smaller amounts; large quantities of C060 and Cs137 

are·used .in teletherapy units. Many radiofsotopesare being studied 

for potential use, and useful ones .areintroduced.into the field as 

new production methods are developed .and -costs are lowered •.. Criteria 

for suitable isotopes include high specific activity, suitable half-life, 

physioiogical compatibility with body processes, and the ability to at 

least partially localize ·in the tissue being examined or treated. 

Radioi"odine,for'example, while not entireiy thyroid-specific, is an 

obvious choice for thyroid conditions, as is' calcium for bone.Speci-

ficity may sometimes be obtained by incorporation in compounds (e.g., 

~adibeobalt in vitamin~12' which localizes in the .liver)~ An isotope 

may be ·localized.physically as a wire, as.a colloid, or as the recently 

. : t d"" d . b d 10 ln ro uce .ceramlC ea s. Both the' physiological and biological half-

life must be considered, and selection may be made on the basis of ·the 

need for particular radiation characteristics -- from a soft beta .all 

• 

• 

• 
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the way t,o a hard gamma radiation. In earlier work, isotopes with a 

short physical half-life were found inc~nvenient to use,ll but they are 

finding application now with development of new instrumentation and 

sources of supply_ 

Iodine 

1131 (8.1 d, 0.33- and 0.6l-Mev (3's, 0.36- ·and o.64-Mev z's). 

Iodine-13l is most commonly used for diagnosis of thyroiddisorders. l 

'other uses include incorporation in human serum albumin for determina­

tion of the total circulatfng plasma volume, placentograPhy,12 estima­

tion ~f mitral valve size,13 and .detection of right-to-left cardiac 

shunts. There has been partial success in localizing brain tumors with 

I13l_labeled compounds, and I 131_labeled methyl iodide has been used 

for detecting left-to-right cardiac shunts. 14 Rose Bengal containing 

r13l is useful for liver fUnction tests and for.blood flow tests15 and 

has been suggested for detecting liver metastases that are not obvious 

from surgery;16 Recent reports indicate the Rose Bengal_r13l hepatoscan 

17- 131 to be a satisfactory technique.' Other·~;I -labeled compounds reported 

useful are Hippuran for renal tests18 and for determining cerebral < 

circulation time;19 Diodrast for evaluating venous diseases of the 

20 21 lower <extremities; sulfobromophthalein for liver. function tests; 

22 131 and compounds for < studying fat metaboli<sm. An I -labeled compound 

demonstrated 200-ml pericardial effusions in a simUlated system,23 and 

an accurate and reproducible method for insUlin .assay' with I13l 'has 

24 been reported. 

In therapyj 1131 ha<s' been used for nontoxic25 a~ well as toxic 

. I < 

goiter. It is used as a palliative in thyroid carcinoma, and an /" 
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I 131-taggedfat-solubl'e medium, which accumulates in regional lymph 

nodes, is p~tentially useful for irradiation of neoPlasms. 26 Thyroid 

ablation by 1131 in niore than 1000 patients improved angina pectoris in 

75% ahd': ~'conge st'i've ::heart fafi!ur:e·· tn':60%' 'of" ',thos e ·~affli.cteci • 27 For-

tunately, gamma irradiation of the ovaries from urinary excretion of 

&n o ° t d 1131 ° °d d 1° obI 28" a lnlS ere lS conSl ere neg 19l e.'. 
125 . ' 

'I (57.4 d, no t), 0.035-Mev 7). Iodine-125, which is easily 

produced .by neutron bombardment of Xe
124 , is becoming, increasingly 

valuable in diagnosis. '29 Irradiation of a patient by it is about half . 

that from 1131 , ,assuming that the biological half time is equal to the 

physical half-life. Good thyroid.andliver scans have been made with 

it,30 and Hippuran labeled with 1125 has been used for renograms. 31 

. 125 
As a tag for serum albumin and oleic acid and in the saltNaI . , it 

has given good resultsinexperiIhental blood volume, absorption', and 

thyrold test~~and has been suggested for indicating the extent of 

arteriosclerosis. 33 In a .promising new technique ;for lipid digestion 

and absorption studies, a compound labeled with I 131 'and another labeled 

with ]:125 are administered simultaneOuSly.34 The promising use of 1
125 

in radiography35 is indicated by a photograph of' the bones of a hand 

made with this isotope (Fig. It3'j,-~4roo Exposure to both patient a.nd 

techni-cian is low because of the ease of shielding against the 27.2" and 

35.4-kev photons. Portable x-ray equipment ,is being developed with 

1125 sources. 36 

1132 (2.3 hr, 1.5- to 2.1-Mev t)'"s, 0.53- to ,0.9?-Mev 71S). 

The use of 1132, which is easily recovered from a tellurium source, 

f"'lnl' 131 would decrease patient exposure tol-c70 of that from I and would 

• ,',(1 
...... ' .. : 

• 

•• 

• 
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allow repeated administration. 37 Thyroid function after r131 therapy 

may be determined by observing the absorption of r132, whose higher 

'energy gammas' are easily detected in the presence of residuai r13l. 38 

r123 (13.3hr, no (3, 0.16-Mev 2'). 

would' be only 1-5% of that from r13l. 

curie ~ounts are projected. 39 

With r123, exposure of a patient 

Experiments on preparation of 

l~ , 
I (4 d, 1.53- and 2.l3-Mev (3's, 0.6- and 1.72-Mev 7'S). 

Iodine-124 has been suggested for greater uniformity of dose in thyroid 

.40 carel.noma. 

Phosphorus 

p32 (14.3 d,,1.7l-Mev (3, no 7). 'The largest use of p32 is in 

treatment of polycythemia veta and chronic leukemia. l It has: 'not': be:en 

very useful in acute leukemia. Blotting,paper soaked with radioactiv~ 

sodium phosphate was used in early applications for s.kin lesions, and 

activated red phosphorus incorporated in .polyethylene.in later work. 

Metastatic bone cancer has been treated' with 'p32 as the PhosPhate. 4l 

Colloidal chromic phosphate-p32 and Aul98 , as well as nitrogen 

mustard, for c.ontrol of malignant intracavi ty 'effusions are compared, 

in ,a recent review42 of 222 cases treated withp32.and 2110 with Aul98 • 

Colloidal chromic phosphate-p32 has been used for palliation of cancer, 

and colloidal zirconyl phosphate-p32 adminlsteredintravenously,to more 
, ~ 

than 250 patients with chronic ,leukemia andl~pho~s is ,reported to 

have resulted in prolonged re~ssions and.long treatment-free periods. 43 

In diagnostic applications, an in vivo test for human spermato­

gene'sis using sodium phosphate-p32 has been described,44 and 'the ability 

of'newly proliferating cells to concentrate p32 has been used to 
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differentiate benign froJll.malignant'ocular·lesions~45 

. Gold 

198 Au (2. 7d, 0.97 ... Mev ~, 0 •. 41-Mev 7). Gold-198 is most commonly 

used as a cOlloid,l which has 00003- to Oo007-~-diao particles. When 

this material is administered to a .patient and ~ scan .is performed, 

normaI liver shows an even gradation'of actiVity, but .lesions result 

inact"ivity concentrations. 46 Diagnostic uses include .determination of 

liver blood flow,15 and in regions where theparasi~ic Taenia Echinococcus 

. granulosus occurs i thas been used for localizing hydatid .li ver cysts 

and for f''Ollowingup healing after drugadrninistration'or surgery.47 

C-olloidal gold has been used .in treating'both primary carcinoma 

andmetastases. 48 Transportation to the·lymph nodes is hastened.if 

the particles ar.e coated wi th silver ,.49 but radioactive colloidal gold 

has been injected directly into the lymphatics. 50 Other uses are in 

treating leukemia5l and.in controllingmalignancy-induced.intracavity 

- 52 fluids. 

Interstitial implants 'of Au198 s~eds have been used for hypophy­

sectomy and f'or . palliation of metastatic carcinoma. 53 The hypophysis 

implantation requires .about 30 min. Problems in surgical and radio­

tllerapeuticpi tui tary ablation are discussed .in recent reviews.. 54 

CliromUIn 

Cr5l (28 d,. no ~, 0.32-Mev 7)' . Hexaposi ti ve Cr51 , in Na2cr5.104' 

attacnes. to the red cells' and maybe used -to determine such quantities 

as red cell survival time~l A new . instrument ,for accurate bl'ood volume 

measurement uses Cr51_t~gged red cells or II31_albumin.55 Such cells 

have been suggested for determination of cardiac . output, and for placental 

• 

• 

• 
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localization (no activity is transferred to the fetal circulation), 

and are the basis fora simple method for quantita.tiOn of menstr-qal 

blood 108s56 and for spleen stUdies. 57 Tripositive chromium (as' 

cr5lC1
3

) in' solution attaches to plasma. proteins and is useful for 

deterniining plasma volume. Serum albumin labeled with Cr5l is easily 

prepared and has been introduced for demonstrating·gastrointestinal 

. t ·'1 58 pro e~n oss. 

Implants 'of Cr5l have been recommended for cancer therapy.59 

Iron 

. Fe59 (45 d,. 0.26- and 0.46-Mev t3,1.1-and:l.3-Mev.z). Detailed 
. 59 . ." . 60· " 

methods for Fe tests are ·describedina. recent brochure. As the 

chloride, citrate, or sulfate, Fe59 has been used.for.iron-absorption 

and utilization studies.6l It has also been used.fordeiermining.red 

cell survival time, but the necessity' of labeling the cells in Vitr-o 

makes it less convenient than Cr5~. The advantages and disadvantages: 

of Fe59 and Cr5l are discussed ina recent review~62' 

.Fe55 (2.94. y, 0.0059-Mevx ray following electron capt'ure). 
, . 

Comparison of the percentage utilization of intravenously' a.dministered 

Fe59 to that of ora+Fe55 has been used for ironabsorption.studies. 63 

Mercur.y 

Hg203 (47 d, O.21-Mev(3, O.28-Mev'z)·. Besides the use of mercury 

isotopes in tracing kidney drugs , 64':lfg20 3 has been used for locali zing 

brain tumors and for determining cerebral circulation time. 65 Neohydrin 

and Chlormerodrin ·labeled withHg203 have been -q,sed for kidney ex8.mina~ 

t "· 66 . ~ons. 
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Boron ~ 
1010 B • When the stable isotope Bis deposited in brain tumor 

tissue and activated by neutron bombardment, the . released .alpha radi-·': .. 

ation is effective for control and palliation. 67 By this treatment, 

cells of transplantable sarcomas in mice have been killed and cancer 

has disappeared in 2-4 weeks. 68 This method of treatment is not n~w, 

but basic techniques :are still being:investigated.69 

Fluor:fne 

'18 -F (1.87 hr, 0.65-Mev positron ·emission).· Fluorine-18 has been 

47 85 . 70 
used as a.replac'ement .for Ca and Sr in bone scanning. It hlEJ,s 

also found application in ·thyroid studies 71 and .in ·.locating :brain 

tumors. 72 

.SeIenium 

.Se75 (120 d, no t3,0.14-to 0.28-Mev lfS). The high specificity 

of Se75-selenomethionine for the pancreas suggests th~t this compound 

might be useful in early detection of pancreas carcinoma. 73 

. Krypton 

Kr85 (10.6 y, 0.67-Mev. t3). Because of its 'low s.olubility, in­

jected or inhaled .Kr85 is useful indetermfning .cerebral and coronary 

I 
. . .. 74 .. b oodflow and cardiac ·and .pulmonary shunts. For example, l.f a rl.ght ... 

to-left cardiac shunt is present, activity in the arterial system rises 

rapidly when Kr85 is given intravenously.75 Ifa.left-to-right shunt 

is present, the Kr85 concentration in ~he·pulmonaryartery :reaches a 

value 20 times that .in a systemic artery following.inhalatJon of this 

gas. 76 A simple technique for studying pulmonaryfunction'with Kr85 

has been devised, 77 and a new' technique for rapid and.accurate 

~ 

~ 
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, 78 measurements 'of serial heart blood flow was reported recently_ 

strontium and yttrium 

Sr90 (28 y,O.54-Mev~, 2.27-Mev ~ from y90 daughter, no 7). 

In' an external source containing Sr90 designed for use ,in ophthalmology, 

the Sr90 beta particles are filtered out so that only the y90 betas 

actually reach the lesion. The lens is notirradiated. l 

"Radiation curettage," destruction of the uterine mucosa by radi­

atIon 'from a Sr90 source placed',in the uterine cavity, has been recom-

mended for control of endometrial bleeding when' no. malignancy is 

indicated. 79 

85 ) Sr (65 d, no ~, O.5-Mev7 • Strontitim-85 has been used for 

localizing bonetumors80 and for studying bone metabolism. Because of 

its shorter half-life, irradiation of the body is less than with Sr90 • 

·Its gamma radiation can be detected externally • 

. 'sr87m (2.8 hr, 0. 39-Mev. 7)'. This isotope, ·which can be obtained 

quickly, as needed, from 80-hr y87, has been mentioned8l for possible 

use in obtaining ,information available in.a short time; for example, 

circulation time, cardiac output, and various clearances, and in radiog-

raphy. 

y90 (64.5 hr, 2.27-Mev ~). Inj,ected ceramic y90 particles of ~O 

~ dia., which are trapped .in capillaries ·of the lung, liver, and other 

'organs, have been used for cancer therapy.82 Thirty-five patients 

with Parkinson's disease were improved by brain .implants of ceramic 

y90 beads. 83 Carrier-free y90 may be eluted8~thcitrate from a cation 

exchange resin preparation of Sr90~ It may be infiltrated as a solution, 

implanted in a .plastic :filament, t'Or applied in a .bagdrabsorbed in 
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blotting:paper. 85 

Because it is a. .pure beta .emitter, coIloid~l y90 results in less 

'198 exposure of hospital personnel than Au' , and it has bee:p. used for 

-control of malignanCY-indUCe~ effusions. 86 Complete.p~tUitary destr~~-
tion nas been reported as ar~sult of packing the fossa, following 

90 87" surgery, with'powdered Y dispersedin-wa.x.For superficialradi..; 

atlantherapy, y90 has been·.in~orparatedin small plates,' which can 

: . 88 
be selected to cover an irregular area. Transperinealinjection'of' 

y90 has been used for· prostatic 'cancer. 89 -Intravenous y90 gave gaod 

results in eight.palycythemia vera patients. 90 

Calcium 

,cs. 45 (164 d., 0.25 ... Mev (3,. no L). Calcium ... 45 hasbee~ used for 

studying.calcium metabolism, Paget's disea,seofbone,·a.ndhypopara.;. 

thyroidism. 9l 

47 Ca (4.7 d, 0.66-and ,1. 94-Mev {3's, o,!48-to .1.}·'!·Mev LIs;' accom-

',paniedby 3.5.d Sc47 . daughter with 0.46- ~nd 0.62-Mev (3's and -0.175-

Mev '1) • Possible medical uses of the now-available Ca 4 7 ~ ,which -is 'Of . 
.; 

interest because Of its high gamma energy, .arebeing emensi vely tnveS­

tigated. 92 

, Cabalt 

0060 (5.3 y, 0 .. 3l-Mev (3, 1.17- and 1. 33 ... Mev L). 'By far the larg­

est us'e 'Of Co60 is in' teletherapyunits~ lb,c ,93 descriptions 'Of which 

maybe 'Obtained from various equipment manufacturers (see -also book 

review section 'Of this ·issue). SuCh units 'were widely distributed by 
4 ' 

1959 (Table :VI-2).9 In ·1962 they were reported to p.umber 1400, 'Of 

which. 550 are in the U.S.A. and LatinAInerica. 95 They are re:p'Orted96 

• 

• 

• 
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Footnotes to Table VI=2o 

aReprinted, with minor style changes, from reference 94. 

bThese figures represent the nUmber of licenses issued as of 
August 1, 1959; they do not include such teletherapy installa­
tions as those at Oak Ridge Institute of Nuclear Studies and 
Argonne Cancer Research Hospital, for which no license was re­
quired. 

CEstimated, mainly low curie units. 

dIncluding only countries for which information is available • 



Table VI-2. Radioisotope Teletherapy Source Distribution 

Location Unit Location Unit 
Irl92 Csl37 cobO Irl92 Csl37 cobO 

Africa :-_,Lebanon 1 
Algeria 1 Philippines - 4 
Union of South Africa 1 Thailand 1 

America Europe 
Argentina 3 Austria 2 
Brazil 8 Belgium 2 
Canada 2 24 Denmark 2 
Chile 2 Finland 1 
Cuba 2 France 1 40 
El Salvador 1 Germany (Fed. Republic ) 4 w 

t-' 
'Mexico 12 Greece 3 ()). 

" Peru 1, Hungary 1 
Puerto Rico - 2 Italy 26 
United States 6b 264b Monaco 1 
Uruguay 2 Netherlands' 4 
Venezuela - 5 Norway 1 

Portugal 1 
Asia Spain 5 

BUrma. 1 Sweden 7 
Ceylon l' Switzerland '"'! 4 
China (Taiwan) 1 United Kingdom, 1 8 33 
HbngKong l' Yugoslavia 1 
lndia - 3' 
,Indonesia '1 ,Oceania 
Iran 1 'Australia 4 

:':Israel 3 New Zealand 2 
Japan 200C 

Totald 1 18 689 

See folloWing page for footnotes. 

• • • 
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to be in use in Communist China, and have been referred to as the most 

important product of Atomic Energy of Canada Ltd .. 97 A nonrov.tine use 

of co60 teletherapy is a possible new treatment for leukemia in which 

blood, circulated outside the body through a tube, is exposed to Co60 

radiation. 98 

Cobalt-60 needles .have been implanted in tumors, and seeds en-

closed in nylon tubing have been used in interstitial therapy and in 

wounds after surgery for a malignant condition. 99 Spheres of co60 , 

gold-plated to prevent dusting, may be placed in hollow organs such 

100 as the uterus or bladder. Cobalt-60 may be incorporated in plastic, 

and molded to fit irregular areas such as the oral cavity.IOI 

Vitamin B12 1abeled with Co 60 has been used in diagnosing perni-:, 

. . 102 d 1 1" l' t 103 c~ous anem~a an oca ~z~ng· ~ver umors. 
6 . 

other: 'Cobalt Isotopes. Co5 (77.3 d, 0.44- -and 1.46-Mev (3, 0.85-

1.75-Mev 7); Co57 .(270 d, no (3, 0.014- and 0.12-Mev 7); co58 (71 d,· 

0.48-Mev (3, ·0.8l-Mev 7). Various other cobalt isotopes have been usedl 

to label vitamin B12• Cobalt-57 is reportedl04 to give the lowest 

irradiation of a patient. Labeled vitamin B12 (Co57) has been sho~ 

to concentrate in the parathyroid in dogs105 and is therefore poten-

tially useful in parathyroid conditions. 

Cesium 

Cs137 (30 y, 0.51- andl.18-Mev (3, o.662";'Mev I from daughter Ba137). 

This isotope, which is recovere~ as a by-product from the processing of 

nuclear reactor fuel, is a .relatively new isotope, but many Cs137 tele_ 

therapy units are in use (Table VII- 2) . Th.e long half -life and -low 

60 cost of the activity are the principal advantages over Co • Typical 



320 

units have been .described els~where.lc,93a;106 (See also book review 

section of this issue.) 

Iridium 

Ir192 (74 d! 0~67-Mev ~, 0.30- to 0.47-Mev ZIS). Eadioiridium 

teletherapy is an oldidea~107 AnewlOO-curie Ir192 irradiation, unit 

8" 8' 108 weighs only 3 "lb; alO-curie source weighing 2· lb is also available. 

A unit with interchangeable ends 'of different sizes and shapes, for 

.interorifi cial therapy, has been des c~i bed rece~tlY •109 

. "192 ' 60 
The half-life of Ir ' is about 5% that of Co ,and its less 

penetrating g~ rays allow greater "local absorption and necessitate 

less protection for hospital personnel~ Internally, it has been used 

lio as seeds embedded in nylon ribbon'or as needles. Experimentally, 

an Ir192 "'!'labeled resin suspension has been used with eXternal. counting 

for determining gastric emptying rates. 111 

Arsenic and Copper 

74 64 As and Cu (17.4 d and l2.8hr, respectively; positron emitters). 

These isotopes have been used for localizing brain tumors .112" 

As76 (26.5 Q,r) and As72 (26 hr). A:rsenic-76 has been used for 

brain tumor localization, as has As72, 'which yields nearly three' times 

. 't d' . t t' ·113 A 74 as many pos~ rons per average ~s~negra ~on ass. 

Gallium 

Ga72 (14.3 hr, 0.64- and 0.96-Mev f3 l s, 0.63- to 2.20-Mev .zf~) • 

. Gallium-72 has been used to localize malignant bone tumors by external 

measurements, but the 'short half-~ife results in a concentration of 

this chemically toxic material which may perhaps be higher than is 

warranted by the radiation deli vered"~ 114 

• 

• 

• 
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.Ga.
68 

(68 min,1.9-Mev f3, l.l-Mev 7). Gallium.., 68 has been suggested 

for suchapplicat,ions as brain tumor localization by annihiscopy. A 

source from which Ga,68 can be easily and rapidly obtained has been de-

. d 115 slgne • 

Palladium 

W9· ) W3 ) Pd (13.5 hr, 1.03-Mev f3 andPd (17 d 0 A mixture of these 

t . t h b' , d f . t t . t . 1" d' t· 116 wO lsoopes· as een use or ln ers 1, la lrra la lone 

Tantalum 

Ta182 (l15 d, 0.36- to O.51-Mev f3. i.:s, 1.12- and 1.22 Mev 2"s). 

Tantalum-182 wires ·have been used as tissue implants in control of 

I , t' d . t . 117 rna 19nan con l lons. 

Ruthenium-Rhodium 

I t t · b t ' . d' t' 'th ~~106 Rhl06 h b t' d 118 n ragas rlC , e a l,rra la lon Wl.LilA. - as een rle • 

Lutetium 

Lu177 (175 d;.also 6.8 d, 0.50-Mev f3, O.18-and 0.38-Mev 7)' 

Lutetium-177 has been suggested for infiltration to lymph nodes involved 

i I , t d,l19 ' n rna 19nan lS.ease. 

Sulfur-

S35 (87 d, o.167-Mev ~, no 7). Sulfur-35 has been used for deter­

mining extracellular water and as a therapeutic ,agent in chondrosarcoma 

and mycosis fungOides~l20, Labeling of Congo red ,dye with S35 decreases 

, the amount of dye needed for diagnosis of amyloidosis, eliminating the 

side effects, that ,occur in some patients. l2l Methionine ,labeled with 

S35 h b t d f 'd t t· ' t ' .122 as een sugges e . or use In e ec lngpancreas umors. . 

Sodium 

Na
22 

(2.6 y" O.54-Mev f3, 1.3-Mev 7) and Na24 (15 hr, 1.4-Mevf3, 
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2.7-andl.4-Mev l'S). These isotopes have .been used for measuring 

eXtra.cellular water, sodium space , and exchange.able sodium.jfordeter-

. mining when ski!l grafts are complete; and for Cancer therap; ~.l, 123 Be-

24 cause of its shorter half-life, Na has :advantages for s.ome uses. 

Potassium 

:. , K~~:.(12.4 hr, ·3.6-Mev.f3,1.5~Mev-.z).and K43 (22hr, 0.3-·and.0.27-

Mev f3's, ,0.37- to O.62-Mev l'S). These isotop~s have been. us~Cl to 

,localize'brain and breast tumors, mea.sure ,exchangeable potassium, and 

. . ll~ . 
study potassium uptake by red blood. cells. ' . Less' shielding: is re-

. quired withK43 because of its lower 'energy gamma radiation, 

; Rilbidi um' 

Rb86 (19 d, 1.78- ·and. 0.72-Mev (31 s ,I. I-Mev z). . Since rubidi1.lIQ. 

·f 

acts similarly to· potassium and hasa.more convenient half-life than 

K42, it has been suggested for use in determining exchangeable potas­

-sfum. 124c However,: it must be remembered that Rb86 is, not a potassium 

·isotope. Myocardial scarming tests have been made with Rb86':i,ndOgs.125 

Bromine and Chlorine 

Br82 (35.7 hr, 0.44-Mev (3,0.55- to 0.78-Mev 7'S). Bromine-82" 

r'atios in 'blood and spinal fluid have been .used to differ,entiate be­

tween tuberculous andnontuberculousmeriingitis~126 For'determining 

extracellular fluid, 127 it has'.advantages over the 37-minCl38 or the 

3 x I05~Y'C136 (ref. la, p. 233). 

82 . -' '. 
Solutions of Br "enclosed iIi a·rubber balloon, were used .in 

early workl ,123e for treating carcinoriiaor'the bladder. 

Silver 

·lll . 
Ag (7.5 ,d l : 1. 05-and O. 69-Mev(3' s, O. 34-Mev z). Colloidal 

• 

• 

•• 
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A III . f th 1 d' t· 11 . d d 128 S "I III g was one oe ear y ra 1.oac 1. ve co 01. s use • .1. ver- , 

injected .into the bloodstream"'as a proteiri-sil ver complex, is removed 

less rapidly by a cirrhotic liver than by a normal one.129 

Zinc 

Zn63 (38 min,.1.38- to 2.34-Mev ~rS, 0.67- ,and 0.96-Mev ltS). 

Zfhc-63 was used in early work for control of malignant .effusions~l 

Its, use in studying zinc metabolism was reported recently.130 
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,Ill 128 Ag was one of the early radioactive collOids used.' Silver-Ill, 

injected into the bloodstr.eam'asa protein-silver complex, is removed 

less rapidly by a cirrhotic liver than by a normal one.129 

Zi:pc 

Zn63 (38 min,,1.38- to 2.34-Mev t3's, O.67-and O.96-Mev yrs). 

zluc-63 was used in early work for c.ontrol of malignant ,effusions~l 

Its use in .studying zinc·metabolismwas reported recently.130 
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The U. S.Atoroic Energy Commis~ion is deeply concerned with the 

safety aspects of the isotopes program. Their contracts include studies 

of both shipping casks and radioactive sources and source capsules as 
,/ 

evidence of their interest In reducing radiation hazards. Battelle 

Memorial Institute," for example, has embarked upon a . program. to develop 

safety performance criteria for sealed sources. l Information has been 

accumulated on source applications, designs, fabrication techniques, and 

testing·procedures. Existing regulations, specifications, and perform-

ance criteria were also surveyed, compiled, and evaluated •. This work 

and the· work atORNLon actual testing of commercial sources will be' 

reported in more detail .ata .lat'er date. 

Exposure of Personnel Handling Radioisotopes 

2 The results of a survey of persons working with radioisotopes 

indicated . that , in eight categories of use (Table VIII-I), the annual 

average external radiation exposure is probably not more than,1250 mrem~ • 

. The attendant risks' to personnel are concluded to be· negligible compared 

to risks of everyday life (Table VIII-2) . 

. The survey was conducted by send,ing out .questionnaires to various 

establishments licensed to use radioisotopes in the manufacture .of a 

commercial product ·andin medical diagnos,is and treatment, and to uni-

versities. The persons included in the results were those 'actually 

working' with .or handling radioactive elements. Of 253 licensees reply-

ing, representing 3864 persons, 85% received Whole-body doses of 600 

mrem or less. The exposure data were' taken from film-badge dosimeters. 

Source Testing 

The stainless steel capsule of a 9-year-old Gs137Cl .source showed 



Table VIII-I. Whole-body" Radiation' Exposures of Personnel Handling Radioisotopes 

No. of Persons Exposed % Ex-
No. of 0- 601- 5- 12- posed to 

Field of Isotope Use Licen- Exposure mrem 600 4999 ll·9 27·5 Total 0-600 
·sees Range Avg mrem mrem mrem rem rem 

Medical .diagnosis 
and t'reatment 
X rays orRa only 12 0- 3552, 

. All sources 94 0-12,630 461 914 264 6 1 1185 77 

Industrialradi-
ography, 

'Radioisotopes only 17 0- 2130 ' 253 38' 6 0 0 44 86 
\_~ 

All sources 47 0- 7400 ' 472 192 43 2 0 237 81 

Thickness, level, or 
density gaging 19 0- 4035 604 59 45 0 0 104 57 

Uni versi t'ies 24 0- 3516' 178 1259 58 0 0 1317 95 

Isotopes* proces-
sing and resale 24 0-27,453 1726 187 21 :6 251 75 

Industrial tracers 6 0- 1280 244 89 5 0 0 94 95 

Radiation effects 
studies 10 0- 2140 112 416 23 0 0 439 95 

static elimination 
or ionization sources 

Total 253 3297 531 29 7 ·3864 85 

*Beta doses were significant in this Use category; consequently, the tabulated'exposures overestimate the whole-

body dose. 

• • • 
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Table ~II~2. , Comparison of Risk of Radiation Exposure with Everyday Risks of Life 

Field of Isotope Use 

Medical diagnosis & 
treatment 

Industrial radiography 

Isotope processing & 
resale 

All 

Occurrence 

Fatal accidents 

Fatal motor vehicle 
accident 

Drowning fat~lities 

Cancer fatalities 

Home accidents resulting 
·in insurance claims 

Sports and recreation 
accidents resulting in 
insurance claims 

Civilian unemployment 

*Age group 18-65 years. 

RADIATION EXPOSURE 
1960 Exposed No. of Persons Exposed Expo~ure Probability 

5-12 12~27.5 PopUlation* 5-12 12-27.5 
rems Tems 

1378 6 1 

281 2, 0 

'251 21 6 

,3864 29 7 

EVERYDAY RISKS OF LIFE 

Age Group, 
years 

15-64 

15-64 

15-64 

15-64 

All 

All 

l4'or older 

1960 or 61 , 
Exposed 

Population 

1.1 xl0 
8 

1.lx 10
8 

' 8 
1.1 x 10 

' 8 
1.1 x 10 

6.0 x 105 

6.0 x 105 

7.3 x 107 

:tems rems 

, " ~3' ~4 
4.3,x 10 7.2 x 10 

, 7.1 x 10-3 <3.6 x to:- 3 

8 4 
~2 

. xl0 4 ~2 
2. x 10 

7 .5x 10-3 1.8 x io-3 

No. of 
Occur-
rences ' 

5.2 x 104 

2.8 ~ 103 

3.9 :x: 103 

1.2 X 105 . 

'. 4 
1.6 x 10 

1.0 x 104 

, 6 
4.0 x 10, 

Probability 
of 

Occurrence 

4 -4 .9 x 10 

" 4" 
2.4 x 10-

3.6 x 10- 5 

1.1 x 10- 3 

' ' -2 
2'.7 x 10 

1.7 ,x 10-2 

5.5 x 10~2 

• 
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no corrosion or deterioration When examined.visual~y and .metallurgically.3 

This source, the first Cs137Cl source of greater than 1000 curtes built 

by ORNL, was made in March 1954 and had been used, continuously in a 

teletherapy machine at the Oak Ridge Institute of Nuclear Studies since 

1955. It contained two 1. 250-in.-dia .pellets; of 0.53l and .0.504 in. 

height, 33.07 and 27.86 gweight, .and760 and 780 curies activity, 

respectively. 

The source (Fig., VIII-I) was enclosed in two concentrictype'3l6 

stainless steel capsules, each withaO.020~tn.-thickwindow. The inner 

capsule was 2.575 in. long, 1.500 in. o.d., and.l.260 in. i.d. and ~s 

plugged with ·a type 316 stainless steel plug~1~5 in. long and ·sealed 

with Easy Flo silver solder. The outer capsule was 3.265 in. long, 

1. 750 in.' o. d., and 1. 520 in. ·i. d., and was plugged with a type 410 

stainless steel threaded plug and sealed with All-State No. 430'silver 

bearing solder. 

When the source was removed ,from the teletherapy machine head, the 

outer capsule appeared in excellent condition, with no signso::f cqrrosion 

or discoloration. A smear of ~he outer surfa,ce showed ,a,nacti vity of 

1920dis/ndn. No bubbles appeared when tne source was .immersed in 

ethylene glycol in a glass vacuum vessel (sensitivity of method 5 x:lolp5 

cc/sec), and the pressure above the source was ·.decreased to-25 in .. ,Hg 

(about 5 in. Hg :absolute). 

During sawing off of the outer capsule,a corner'of'the ,inner' cap-

,'sule was inadvertently cut off, but no other lea',k.s were ,observed in the 

vacuum ,leak test. A smear showed a high activity, 5 x,105 diS/min, 

because of this sawed-off corner. Visual examination of the exterior 

• 
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• 
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surface of the capsule showed no evidence of corrosion or deterioration. 

When the inner capsule was opened, the source pellet surface 

appeared similar to that of a new pellet. It was· white to gray in color, 

with a mottled brown streak near one edge, and the edges· of the pellet 

and the inner wall of the capsule at the edge of the pellet weredis-· 

tinclybrown. However, this discoloration was probably cause~ by heat-

ingduring the original scaling of the capsule since, .when the pellets 

were removed, the upper edge of the pellet and the adjacent area on the 

capsule were seen to be the only affected .areas. The inn~r surface of 

the cal?sule and the window area were as bright and shiny as new .rnate·rial, 

and inspection under SOX magnification did not show any pitting or 

cracking. 

The capsule was .decontaminated by ultrasonic cleaning in water and 

.photographed at SOX magnification (Fig. VIII-2).· Metallurgical studies 

of sections (Fig. VIII-3-5) atlOOX magnification showed no ev~dehce 

of change in crystalline structure or deterioration of the capsule wall 

window. 

• 

• 

• 
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Source Capsule :Before Being Sectioned for Metallurgical Studies 
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Fig. 4. 20-mil Window Sections ' (Scale on bottom 
inside of window is to left) 
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Shipping Cask Testing 

The results of experiments performed at ORNL indicated that 

unprotected lead-filled steel casks weighing up to 6 tons will meet 

structural requirements of lOCFR72 with the exception of the 6-ino-dia 

puncture test., Since the results of a horizontal or piston drop can 

be estimated with a reasonable degree or accuracy, casks can probably 

be designed to meet the piston requirements.. It is doubtful, llowever, 

that such casks would meet fire requirements 0 Small radioisotope 

shipping casks up to 1.5 -tons .and approximately 20 in~ dia can be 

protected from both ~ct and fire with low-cost wooden shields. 

Lead-filled steel casks and wooden tire and ~ct shields have 

been experimentally tested by the Isotopes Development Center at ORNL as 

part of a continuing program to improve radioactive ma.terial shipping 

procedures and packaging.. The program has included both structural 

and fire resistance tests, and experience gained has set the standards 

for radioisotopes packagiIE'Ag and shipping throughout the U .. 8. and the 

world. Since 1946, the beginning ,.of the radioisqtopes program at ORNL, 

more than 176 thousand (as of May 31, 1963) shipments containing N 2 .. 2 

million curies have been 'made without a single accident in which a release 

of' radioactivity was involved.. However, with the trend in radioactive 

material shipments to larger curie content per package, the need of 

greater safety in package: design; and shipping has become more apparent 0 

Proposed and existing AEC and ICC regulations are given in references 

1 and 20 



The testing program for fuel shipping casks was, discussed in a 

recent issue of Nuclear News. 3 

-1J 
Lead-filled Cask Tests 

Structural Tests. Forty-one drop tests* have been made with five 

lead-filled steel casks weighing 2725 lb each and two weighing 11,760 

lb each. A lead-filled steel cask is shown diagrammatically in Fig. 6. 

Prior to a drop, each model cask was instrumented with two piezoelectric 

accelerometers, 12 dynamic strain gages, and compressometers to measure 

inner wall deflections. Some casks were covered'with a brittle lacquer 

to determine the areas of high stress and thereby indicate where some of 

the instrumentation was to be placed. The casks were dropped horizontally, 

on end, on an edge (corner), and on pistons, and each cask was dropped more 

than once. 

As a result of the drops, many areas of the oute;r and inner shell 

took a slight but permanent set. Except for the actual impact area, -the 

inner shell was subject to higher stresses than was a comparable position 

,on the outer shell 0 The maximum permanent change of the inner diameter of 

the casks was 1 in. for both the small and large casks when dropped 

20-30 ft. In no drop was the inner sbell penetrated. A water-filled 

cask continued to hold water after a l5-ft horizontal drop. 

Figure'l shows a 1.,4-ton cask being dropped on a corner. The 

picture was made from selected frames taken by a high-speed motion 

picture camera operating at about 3600 frames per second. The sequence 

* Made in conjunction with the Chemical Technology Division. 
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shows that the total impact, including bounces, occurs in about 0.5 sec • 

Following a 15-ft corner drop of a 104-ton cask coated with brittle 

lacquer, radial stresses were observed perpendicular to the cracking 

in the brittle lacquer material and were concentrated around the lead 

fill holes. After horizontal drops of a 104-ton cask from 15 and 28 ft, 

a small crack appeared in the weld where the outer shell and the end 

flange join. Cracks in the brittle lacquer indicating high stress 

around the lead fill hole were also seen. When a 1.4~ton cask 'was 

dropped 5 ft onto a 2-in.-dia pistona the piston penetrated about 1.5 in. 

into the cask. 

Fire Tests. In a 15-min fire test at 1320Op, made by Underwriters 

6 Laboratories,; lead was ejected from the cask. In fire. tests at ORNL, '7 

a small amount of water resulted in spraying of molten lead through pinholes 

in the top flange of the cask. Therefore it is doubtful that unprotected 

lead-filled casks would meet fire requirements. 4 
'It ' 
Wooden Fire and Impact Shields 

A typical shield is 3-5/8-in. -thick maple (F1g~ 8) and has mitered 

corners of nailed construction. A mild steel ·frame holds the shield 

intact under impact conditions. The frame is made of' 1 .. in 0 steel straps 

and 1.5=iD. steel angle iron for the small Size, and'up to 2.5 in. and 

3 in. angle iron f'or the largest shield. ffhe top is hinged for removal 

of' the container .. 

The smallest shi~ld tested weighs 120 lb and holds a lead-filled 

steel container with 105-in. shielding and weighing about 60 lb. The 

largest shield weighs 570 lb and holds a 2600alb container with 8-in-thick 

lead. shielding • 



SE:-CTION 
Fig. 8. TH ROUe, H 

Wooden F' ~re Shield. 

O~~iLASSI FI ED 
DWG 63·32 

,~ D r:-e:- p x \ ~ 
C.OUNTE:-R.B .~ <t> . 
fo-OR.,~,J.. OR.E:-4HOLE-
W/S T 't' xc. LG.. LA S ,D. WAS G 'SCR. t:\N . HeR'S :s 

• 

• 

• 



• 

• 

• 

Methods under consideration for protecting larger shield~ (larger 

than 1.5 tons) include shock absorbing aluminum honeycomb,. 

Structural Tests. The lead-filled steel cask models and the wooden 

fire and impact shields were dropped from heights up to 30 ft onto a pad 

consisting of a 12- by 12~ft piece of steel armor plate 4.5 in. thick, 

backed up by a 5d ft-thick slab of reinforced concrete. Below the .pad 

was a 3-ft-dia reinforced column reaching down approximately 1 ft to 

bedrock and then extending 3 ft into the bedrock. 

The small wooden shield, 120 Ib, which 'measures 14 by 14 in. by 

11-3/8 in., was dropped from heights of 15 and 30 ft onto a 6-in.-dia 

piston. Very little damage was done to the shield, which was loaded 

with 4 lead bricksw1ghiDg 'a total of 112 lb to simulate the cask. 

There was some damage to the hinges of the top. 

A second shield of the same size was dropped 30 ft onto a corner. 

There was no damage to the hinges and damage to the rest of the shield 

was minimal. 

The larger shields did not perform quite so well as the smaller 
,1 ,2' 

ones, but they did meet current AEC and ICC , regulations on 

structural requirements. The larger shield is designed for a 3.5-ft 

drop onto a 6-in.-dia piston and a 30-ft free fall onto one corner. 

Testing on the larger shields is not yet complete. 

Another design using a solid block of wood was tested at 15~ft 

free falls but because of cracking and splitting of the wood was 

abandoned. 

Fire Resistance Tests. Fire resistance tests were made on pine, 

hickory, maple, and ebony. Maple was selected because of its resistance 



to burning (2 in. penetration vs 2.5-3 in. for pine in 1 hr), 

availability, strength, insulati:ng properties, and cost. Ebony; 

of course, was too expensive and was a rather poor insulator. Hickory 

was not available in the thicknesses and widths needed and was no less 

expensive than maple. Pine was the best insulator but burned more 

rapidly and did not have the strength of maple. 

The shields were tested for 1 hr in the flame of a pressurized 

kerosene burner., The outside temperature was maintained at 900 ;!: 500C 

for 1 hr to simulate the standard l-hr fire test. 

Pine shields burned 205-3 ino through. Maple burned about 2 in. 

Both appeared to be 'good insulators with the maximum temperature 

rising to 300C in the pine shield and to 600c in the maple shield 

after 1 hr exposure to the fire. Figure 9 shows the maple shield 

after 1 hr exposure to the fire. 

The average cost of the shields will be approximately $250 

each. The total cost represents 10% of the total cost of replacing 

all carriers now used and approximately 20% of the cost of modifying 

all the carriers now used in order to meet new safety criteria. A 

disadvantage is that freight costs will be increased' from 20% to 200% 

on radioisotope shipments requiring this additional protection. 
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Fig.VIII-9. Fire and Impact Shield after I-hr Fire Test. 
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General Electric has established a new Irradiation Services and Pro­

ducts Section in its Atomic Power Equipment Dept. to meet the growing de­

mand for radioisotopes and irradiation services.. With headquarters at 

Vallecitos Atomic Laboratory (Pleasanton, California), it will offer a 

.complete range of nuclear irradl.ation services, including production of 

radioisotopes. 

Union Carbide Nuclear Co .. has announced that interest in isotopes is' 

sufficient to encourage the company "to become a major producer of iso­

topes and to prov~de consultation arid services in radiation application 

problems." They.are now supplying numerous routinely used isotopes and 

have indicated that they can prepare others in bulk .quantities or as 

. special materials. They also plan to quadruple t.heir neutron-activation· 

analysis business. 

In February, bacon became the first food to be approved by the U.S. 

Food and Drug Administration for radiation sterilization. The bacon, 

which is irradiated in cans with 405 megarads from a Co60 gamma source, 

will next be tested under arctic and tropical conditions. Some tw.enty 

other foods being studied for such processing include 'chicken, ham, . 

potatoes, shrimp, and oranges. 

In the meantime, the USAEC is negotiating with Stone & Webster to 

build the first seafood products irradiation pilot plant, at Gloucester, 

Massachusetts 0 The $600,000 plant, with a 300-kilocurie Co60. gamma.:source 
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and a capacity of 1 ton/hr, will be used to demonstrate the ··feasibility of 

radiation pasteurization of seafoods. The AEC's 1964 hudget includes 

$350,000 for a transportaQle Co60 irradiator for field studies with fruits 

and $200,000 for a grain-disinfestation pilot plant. 

A Co60 irradiation plant has been opened in. England by Johnson's 

Ethic~l Piastics Ltd. for sterilizing plastic disposable syringes. The 

source initially is a 50-kiloGurieunit, but the design is for 250 kilo-

curies. 

Export of radioisotopes will be simplified by recent amendments to 

AEC regulations. A general license one for whic~ no application to AEC 
, , 

is required -- has been established to replace the specific license for-

merly required fOl;" the export Of certain forms of moderat~quantities of. 

tritiUm and PQlonium.' Use of these isotopes, 'which is widespread and 

considered safe :in the atomic energy industry" will be subj.ect to the' 

radiation sa:fety laws and regulations of the countries to which they are 

exported. 

The sale price of heavy water has been cut from $28 to $24.50 per 

pound f.o.b. Savannah River Plant, Aiken, S. C. The base charge for 

leased heavy water ,has also been cut to $24.50 for leases that do not 

have a fixed base charge. Further price cuts will be considered if com-

mitments from customers requi;re operation of the heavy water plant at 

increased capacity., 

• 

• 

• 



• 

• 

• 

371 

Oak Ridge National Laboratory has 99.99% Ne20 available for routine 

sales. In June 1963, concentrates of the mid-position isotopes, 20% 

Ne2l and 13% Ar38 , became available in very limitedamolints. 

The· consultative committee for Eurisotop, the Euratom Information 

Bureau, held its first meeting in November ·1962. A major topic of dis-

cussion was how to provide information on radioisotopes not only to the 

general public but to professional circles that may benefit from using 

them. Suggestions offered included traveling exhibits and television 

programs. 

The AEC has executed agreements with Kentucky, Mississippi, 

California, New York, Texas, and Arkansas for transferring to the states 

some of its regulatory responsibility for-licensing, rule-making, .and 

enforcement in' the uses of radioisotopes. 

ORNL's new edition of its Isotopes Catalog is now available. For 

the first time both stable and radioisotope offerings .areincluded to-

gether, Worthy of note are the Commission's new.low prices for bulk 

-purchases of fission products, Sr90--$0.75/curie for >30 kcuries; 

Cs137 __ $0.50/curie for> 100 kcuries; ce144 __ $1.00/curie for> 100 kcuries. 

Cesium-137 at this price should be quite competitive with co60 for many 

applications _ 

As of August 1963, the AEC (specifically ORNL and NRTS) will 

terminate burial services for licensees in favor of privately owned 

facilities such as Nuclear Engineering Co., Flemingsburg, .Ky., ,and 

Beatty, Nev_, and Nuclear Fuel Services in upper-New York State. 

In early June the AEC Regulatory Staff moved to Bethesda, Md. Their 

address is:: " Cor. St. Elmo and Norfolk Avenues. 
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A Manual for Nuclear Medicine,E~ R. King and T. G.\Mitchell, Charles 
I, 

C. Thomas, Springfield, Ill., 1961, $13.50, 406 pp.' 

Due to its early stage of a ,rapid development, the field of nuclear , 

medicine is not yet clearly defined. In the broadest sense, it· should en-

compass those effects in man, that are caused by l,1uclear radiation origi-

nating from both externally 10 ca:t ed sources· and internal:1:.y deposited 

emitters. Obviously, this definition would not only refer to the use of 

isotopes ir,l. the, hospital b"t;lt would also include such di verse areas' as,' \:. . 

for example , radiological civil defense, radiat.ion exposure ,of high-' 

altitude jet crews, andastronaut~, rad1ation-induc~d changes in human -

genetics, ,and many aspects 'of; h'ealth physics., In thenar-rowest sense, 

nuclear 'medicine is taken as that field of medicine ,which deals with the 

administration ,of radioactiye.isotopes'to patients, predominantly for 

diagnostic purposes.· Kingalld f11tchell's text,treats the'subject·ip this 

restricted manner. 

The manual originates from courses g:;t ven for several years at the 

National Naval Medical Center, Bethesda,Maryland. 'Therefore instructional 

material, ,laboratory exercises, and ~linical ~rocedures ~re well tested 

and perfectly adjusted to the requirements of physicians e.nd medical stu-

dents who intend. to use radioisotopes as diagnostic tools. Because of 

this clear orientation toward the needeof medical practitioners, empha-

sis naturally is placed on present-day status rather than Qnfuture ,de-

velopments, and on immediate clinical application rather than on 

laboratory research. 

The first four chapters contain radioisotope methods evaluating 

thyroid function, certain forms of anemia, blood volume, and blood forma-



374 

tion. For each test, a brief background and a detailed laboratory pro-

cedure are given. Collectively, these tests represent that section of 

clinical isotope application which already has hecome an integral part 

of··diagnostic medicine because the procedures are simple and economical 

and they yield information not otherwise obtainable. Two subsequent 

chapters.are devoted to scintillation scanning, which currently repre~ 

sents the most rapidly growing branch of medical i~otope use~ As can be 

expected, the short. space allows on~y a brief outline of the yoUng but 

promising infant with its many developmental problems e.g., collimator 

shape and material, recording:and print-out systems, and incorporation of 

isotopes with suitable gamma $pectra into chemical compounds that will 

concentrate preferentiallY'in cancerous tissue.' The clinical :Iart con-

cludes with chapters on the use of isotopes in dilution studi~s,organ 

function tests, autoradiography, and therapy. The sec.ond half of the 

book contains basic information about physical processes and instrumen-

·tation necessary for sensible performance. of the previously described 

clini cal procedures.' 

In summary, King and Mitchell's manual is intended for·the training. 

of physicians and medical students who wish to use radioisotopes'in 

diagnostic work. For that purpose the book is admirably suited and. 

can be rec.ommended very highly. 

H. B .Ger stner,: . M:.· • D.:. . ... .' ' . 
Oak Ridge: Institute····of Nucl:ear: Studies 
Oak Ridge, Tennessee 

• 

• 

• 



• 

• 

• ' 

·375 . 

Ktinstliche Radioakt-i ve 'Isotope in Phy~iologie, Diagnostik, und Therapie 

(Artificial Radioactive Isotopes in Physiolog~, Diagnosis, ,and 'Therapy), 

ed. by H. Schwiegk and F. Turba, with 83 contributors. .2d ed. Sprfnger-

Verlag, Berlin, 1961. Vol. 1, 1327 1'1'.; vol. 2, 1248 1'1'. Set only,. 

DM 398. 

The two volumes of this publication are divided into three parts 

which cover, respectively, properties of isotopes and basic information 

needed in isotope work;, the use of radioisotopes :inphysiology,pharma..;. 

cology, and diagnosis (with an introduction by Von Hevesy);'and radio-

isotope therapy. Isotopes of some 50 elements are considered, with .about 

half the chapters in German, one in French, and the rest ,in English. 

A few of the radioisotope tracer studies discussed, ,are metabolism of fats, 

proteins, sugars, and various derivatives; synthesis of biological com-

pounds; metabolism in bones and teeth, mitochondria, apd microorganisms; 

action of viruses, vitamins, hormones, and enzy.mes; and research in 

genet:i,cs, immunology, ,and photosynthesis. Clinical uses, of isotopes 

discussed include diagnosis of tumors and of various conditions by 

labeled vitamin B12; tr~atment of polycythemi~ vera and thyroid condi-

tions; intracavitary irradiation; hypophysectomy; and methods of applying 

radioisotopes. Isotopes discussed for therapeutic uses include not only 

the well-known ones such as Aul98 r13l and p32, . but ·al,s'o the less com-,. , 
monly used .ones such as As76 and Ga72• Each chapter-is extensively 

documented. A 270-page index is included.in vol. 2 • (M.G. ) 
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Diagnostica e Terapia con .i Radioisotopi, P. Bastai,L. Antognetti, • 

G. C. Dogliotti, G~ Monas'terio; coordinated by B. Bellion. 43 eontributors. 

EdizioniMinerva Medica, TUrin, Italy, 1962. Produced under the auspices 

of the Italian Society for Nuclear Biology and Medicine. 945 + ix pp. 

(in Italian). L13,OOO. 

The four parts of this beautifully printed one-volume book provide 

basic information on radioisotopes and describe diagnostic and thera­

peutic applications. In the first section are included the elements of 

nuclear physics and basic principles of activity measuring. Espe.cially 

useful are tables such as those showing the radiation dose toa patient 

in various diagnostic tests and the penetration of Co60 and Cs137 ra­

diation from teletherapy sources; the outline of methods for preparing 

isotopes; and the'detailed instructions, with photographs, for handling 

radioisotopes. Chapters on lesions resulting from excessive irradiation, 

protection from radiation, and It~lian legislation in this and related 

fields will be of interest to the industrial physician and health 

physicist. The mathematical discussion .of tracer equilibrium and 

descriptions of detection methods are .probably most applicable in 

testing new isotopes or finding better ones for specific purpo~es. The 

discussion of autoradiography is of general interest. Of special 

interest to the practicisingphysicianare the last two sections, where 

diagnostic and therapeutic applications for most of the body organs and 

tissues and Co60 and Cs137 teletherapy are discussed .in detail. 

The book is extensively documented and.is illustrated with both 

. diagrams and photographs, including some in color. (M.G. ) 

• 
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Les isotopes radioactifs en meo.eci:r:re, M. de Visscher and C. Beckers. 

Albert de Visscher-Editeur, RhodeSt .Genese, Belgium (obtainable from 

'Gauthier-Villars &Cie, Paris),196l.l66·pp. NF 13.· 

In the preface, Dr. M. Tubiana, Professor of the University of Paris 

Medical School, says, n(The authors) have succeeded ••• ·in writing a book. 

where the specialist will find many ·useful data and the nonspecialist 

.can bec.omeeducated without becoming confused.. " The French is very. easy 

reading for an English-speaking scientist who knows .only .a.little French, 

and a non~nuclear 'physicist considering the'use of.isotopes 'will find the 

first twocha.pters a convenient compilation of information nee.ded for 

unde::rstanding radioisotope applications. Most of the actual medical ap-

plications discussed .are fair:J.,y well established ones. The basis for 

their adoption is explained, which should help a newcomer to. the field, 

but they are not documented. 

In the basic information section are elementary discussions of 

atomic structur,e, radioactivity, and half ... lives and an .explanationof 

terms. The principal isotopes used in. biology and 'medicine' are listed,' 

with their half-lives and f3and '1 energies, and basic:pri:r:ciples of such 

equipment .as ionizatiori chambers, Geiger counters, and scintillation media 

are explained. Medical applications discussed- include the use of tracers 

for studying blood components, circulation, digestion, water, elec:trolytes, 

and thyroid funct.ion and in tumor diagnosis ... "Radioisotopic therapy in 

hyperthyroidism and thyroid cancer, in polycythemia vera, chrqnic leu-

kemia, and lung cancer ·and in relieving: heart conditions is 'described. 

(~.G. ) 



Experimental Nuclear Chemistry, Gregory R. Choppin, Prentice-Hall, 

Inc., Englewood Cliffs, N. J., 1961, xi + 226 pp., $10 ($7.50 as a 

textbook) . 

The author, one of the co-discoverers of element 101, mendelevium, 

is now Associate Professor of Chemistry at Florida State University, 

Tallahassee, Florida. This book was prepared for use in a course which 

. he teaches at that university. In the preface he thanks his students 

who helped him "debug" the experiments before they were publishedj 

therefore, the 40 experiments should be well tested. 

Experimental Nuclear Chemistry can be used in many different 

teaching situations. It is suitable for a course in isotope techniques, 

or several experiments rrom it can be used to enrich traditional 

courses. In the preface the author states his aims: 

"The non-nuclear chemist is often reluctant to use radioisotopes 

in: his re~sea:rch, because· of:' the i'dea that:. their involves 

extensive revision of techniques, and extreme care in handling. 

There are special problems involved, but it is hoped that a dis­

cussion of their nature will help to reduce them. Some familiar­

ity With the great advantages of radioisotope u~e, coupled with 

intelligent awareness of their unique safety requirements, can 

only promote a much more extensive employment of radioisotopes in 

all areas of science. For the stUdent who is contemplating, or 

who has already decided to work in the area of nuclear science or 

the atomic energy industry, a thorough knowledge of the physical 

and chemical techniques involved in this field is essential. It 

is the author's hope that this book will encourage the use of 

• 
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radioactive isotopes in scientific research." 

There are several very attractive features of the book. (1) An 

entire chapter in a prominent place (Chapter II) is devoted to radiation 

safety; (2) the last five chapters provide a wide variety of material 

from which the student (or the instructor) can choos'e that which most 

nearly fits the need; (3) Appendix A suggests special projects that the 

student can do to further enrich the course; ,(4) most of the experiments 

can be done with license-exempt, quantities of isotopes; (5) a good' 

bibliography is provided. 

Appendix B' on licensing regulations and sources of isotopes could 

be misleading to a student or teacher inexperienced 'with isotopes. 

Although Oak Ridge National Laboratory sells license-exempt quantities 

of radioisotopes, it is not the most convenient or economical source, 

for these small amounts. Also, The Isotope Index is probably a more 

complete source of information on commercial isotope vendors than the 

Nucleonics Buyer's Guide Edition suggested in the Appendix. 

This book, Which was also reviewed by J. W. Cobble of Purdue 

University in Journal of Chemical Education for January 1963, is an 

excellent addition to the textbooks designed to teach nuclear labora­

tory techniques. 

(RHL) 
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Adventures in Ra9.ioisot"ope Technology,.George Hevesy, Pergamon 

Press, New York, 1962, 1074 pp., $30 for the set. 

If you had to choose one man as the father of isotope technology, 

there could be only one logical choice -- George Hevesy. To give his 

record of first accomplishments is to give a history of isotope uses: 

use of a radioisotope as a tracer in inorganic work (1913, 

solubility of lead sulfide and lead chromate) 

use of a radioisotope as a tracer in botany (1923, lead in the 

horse-bean) 

use .of a radioisotope with an animal (1924, bismuth in the 

rabbit) . 

use of·a .stable isotope as a tracer in biology (1934, deuterium 

in man) 

use of an artificial isotope' in biology (1935, p32 in rats) 

making of a neutron activation analysis (1936, rare earths) 

These two volumes contain ·100 of Hevesyts'papers (all translated 

into sh) on the use of radioisotopes, and edited as they are, they 

make a fascinating scientific autobiography. By putting papers in 

subject categories and commenting on each group as a whole, the 

author is able to give a cohesive account of his scientific accomplish­

ments. 

The book opens with a short .autobiographical paper which was 

originally published in Perspectives in Biology and Medicine. This 

paper helps to place the scientific papers in their proper historical 

framework. The book ends with three lectures: the lecture he gave on 

receiving the Nobel Prize in December 1944 and two lectures which he 

• 
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gave some time later. .:These three lectures summarize' his scientific 

accomplishments and round out the book. 

This is not a book (or reallY'books) that one can sit· down .and 

read through -- rather it can be browsed in, read one subject .a.t a 

: time, or used as a reference book. Because of Hevesy's·tremendous 

breadth of interests there is something here foreveryone-- biologist, 

physicist, chemist, or medical doctor. 

It seems a pity to complain .about anything in renewing a .book as 

valuable as this; however, I have two. criticisms. First,' the comments 

after each section, which contain some of the best human-interest-type. 

information in the book, are too short. They whet your appetit.efor 

more. For example, in one comment Hevesy tells that the, 600-mg radiunl-. 

beryllium source 'he used to make his p32 was loaned to him by Professor 

Niels Bohr who had received it as a present on his, fiftieth birthday. 

Second, while using this book for bibliography sources in writing 

other parts of this review, I found several, incorrect .references 

apparently resulting from careless proofreading. In spite of these 

two relatively minor faults, this is a worthwhile.book and highly 

recommended for anyone interested in isotope technology. 

(llliL) 
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Radioactive Isotopes in Biochemistry. By Engelbert Broda, 

Professor 0f Chemistry, University of Vienna (Austria). D. Van Nostrand 

Company, Inc., 120 Alexander Street, Princeton, New Jersey_ 1960. 

'x: + 376 pp. $11. ~ 50. 

This book is a remarkably concise survey of principles of method-

ology in the use of radioactive tracers and their application to 

selected problems in biochemistry. The author avowedly makes no pre-

tense to completeness in any direction. The admitted deficiencies in 

detail are compensated for to a large extent by more than 3200 refer-

ences to the original literature, including many of the latest pertinent 

papers. 

The first third of the text is devoted to eight chapters dealing 

with radioelements in biochemistry, principles of radiochemistry, radio-

synthesis, isotope effects, radiation chemistry, radiation biology, 

protect,ion against radiation, and measurement ,of radioacti vi ty. This 

is followed by two chapters on the application of radioactivity to 

analysis of living matter and absorption and excretion of 'elements. 

The last half of the book entails six well organized chapters on 

the principal problems and special topics in intermediary metabolism. 

The English translation reveals a sound grasp of and a, feeling for 

both the original German and English idiom. 

Leon L. Miller 
University of Rochester 
School of Medicine and Dentistry 
Rochester 20, New York 

(Reprinted with the kind permission of the editors of the Journal of 

the American Chemical Society.) 
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Radioisotopes and Bone. Edited by P. Lacroix and A. M. Budy 

under the direction of F.' C. McLean. F.A. Davis Co., Philadelphia 

(Blackwell Scientific Publications Ltd.), 1962, 522 pp. $15.00. 

The symposium, held in Princeton, N. J. in 1960, was organiz'ed by 

the Council for International Organizations of Medical Sciences, under 

the joint auspices of llNESC.O and WHO. The 27 active participants 

represented six countries. 

In his introduction, McLean states that nearly all the ~ses that 

maybe made of radioisotopes in this field are illustrated in the 26 

papers presented. Among the investigations reprinted are those on such 

widely diversified subjects as teeth, bone t~ors, bone grafts, para-

thyroid action, rickets, and calcium metabolism, some in vivo and some 

in vitro. The radioisotopes considered are p32, sr85 , Sr90,Ca 45, Ca 47 , 

S35, H3, C14 , Na22, Na23 , Na24 , ,I 13l , K42. Both fOrmal papers and the 

discussion that followed are included. A bibliography at the end has 

some 450 entries. (M.G. ) 

BOOKS RECEIVED BUT NOT ,REVIEWED IN, THIS ISSUE 

Radioactive Isotopes in Medicine and Biology: Medicine, S. Silver, 

Lea & Febiger, ,Philadelphia, 1962, $8.00. 

Radioactive Isotopes in Medicine and Biology: Basic Physics and 

Instrumentation, E. H. Quimby and S. Feitelberg, Lea & Febiger, 

Philadelphia, 1963, $8.00 

Le cesium-137 in teIetherapie, R. Amalric and 'J. P. Vigne, 

Gauthier-V:Lllars, Paris, ,1962, NF 20. 

La Te1ecoba1therapie encancero1ogie, H. Pourquier, Masson et Cie, 

Paris, 1962, NF 60. 
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Telecobaltoterapia, G. Pisani, C. Cortissone, G. Savino, • A. Malaspina, Edizioni Minerva Medica, Turin, 1962, L 5000.· 

Progress in Radiation Therapy, Vol. II, F. Bus chke , Grune & 

Stratton, New York, London, 1962, 266pp., $12.50. 

Immediate and Low-level Effects of Ionizing Radiations, 

A. A. Buz:z;ati",,:Traverso, Taylor & Francis, London, 1959. 

Radiation Biophysics, Howard L. Andrews, Prentice-Hall, Inc., 

Englewood Cliffs, N. J., 1961, 328 pp., $11.65. 

Radiation Therapy, Walter T. Murphy, W. B. Saunders Co., 

Philadelphia, Pa., 1959, 1041 pp., $25.00. 

Basic Principles of the Tracer Method, C. W. Sheppard, 

John.Wiley & Sons, Inc., New York, 1962, 282 pp., $8.00 

International Directory of Radioisotopes, International Atomic • Energy Agency, Johannes Kmoch, Vienna, Austria, 1962, 700 pp., $9.00. 

Principles of Radioi~otope Methodology, G. D. Chase and J. L. 

Rabinowitz, Burgess Publishing Co., Minneapolis, Minn., 1962, 2d ed., 

372 P1'., $6.00. 

Advances in Tracer Methodology, Vol. 1, S. Rothchild, Ed., 

Plenum Press, New York, 1962, 332 P1'., $12.00. 

Advances in Nuclear Science and Technology, Vol I, E. J. Henley 

and Herbert Kouts, Academic Press, New York, 1962, 355 1'p., $12.00. 

Les Applications Industrielles des Radioelements, A. Blondel, 

R. Colas, R. Cornuet, R. Hamelin, A. Kohn, A. Lamm, P. Leclerc, 

" A , P. Leveque, M. Quesson, R. Rabot, P. Rochas, J. Thiery, Editions 

Eyrolles 61, boulevard Saint-Germain, Paris, 1962, 352 P1'., $9.30. 
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Radioisotopes in the Physical Sciences and Industry"I:rI, 

Inte~national Atomic Energy Agency, Globus, Druck~un4 Verlagsanstalt, 

Vienna, Austria, 1962, 640 pp., $8.00~ 
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