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sveseeesss.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 progressvof our civilization than the pro-

duction of atomic energy itself.........
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A new Quarterly Technical Progress Review, "Isotopes and Radiation
Technolgoy," was approved by the U. S. Atomic Energy'CQmmissién in the
summer of 1962 and its preparation was assigned to ORNL as a part of the
general program of the Isotopes Development Center. The assembly of a
staff began almost immediately. By early fall, under the;auspicés of the
AEC’s Divisions of Technical Information and Isotopes Development{ the
preliminary drafts which.are now the first issue of this periodical ﬁere
being developed. "Isotopes and Radiation Technology" is the fifth of a
series of Commission-sponsored quarterlj technical'progfess reviews thch
covef broadly the field of nuclear science and technology. The. others are
Nuclear Safety,;Power Reagtor Technology, Reactor Materials,Aand Reactor
Fuel Processing.

This new review will emphasize the reporting of DID-sponsoréd re-
seérch and development. By publicizing preéentAapplicétiops, it can help
to expand the utilization of isotopes; and by helping the Commission aﬁd
contractors ﬁo keep abreast of reiatedvactivities within fhé AEC complex
it can help prevent overlap of research effort and can aid in prédicting
isotope usage so as to point thé directién for future isotope productioh.

efforts.

"Isotopes and Radiation Technology" is a techﬁical 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 Jjournals .and periodicals covering original research,
and oveflapping will be avoided. Books, monographs, and bibliographies

_ that are considered pertinent to the areas routinely covéred 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 éou_rse, depend upon its .
value to the readers; a little timg a.ﬁd experience will be needed to
evaluate this. ‘Iherefore,' 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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FEATURE ARTICLE



Recent_publicityl,has pointed out that one of the most

interesting,propertiee of technetium is fhe "anticorrosive"

characteristic of its pertechnetate ion, Tc0h°; G. H. Cartledge

of ORNL, who has pioneered in this field, has written the accom-
panying article fo bring us up to date oﬁ the status of the theories
behind this particular use of technefiﬁm. The timeliness of such
'ayreporr is'emphasized by the fact that the slow burning (rusting)
ofviron and steel alone costs the U. S. more'per year than all

the faster burnlng forest, factory, and city fires put togetner

Technetlum wa.s not discovered until 1957, although many

- investigators, starting with Osann and his "polinium" in 1828,

- claimed to have isolated,iteg However, in 1937 Perrier and

Segr€ irradiated molybdenum in a cyclotron and reported Tc9Sm

and Tc97m with half-lives of 80 and 90 days;vrespectively.3

More recently'Tc99, with a half-life of 2 x los\years, has
been isolated.from fission-produet wastes. A few years'ago
it was priced at from $2800 to $1600 per gram, de?ending upon
quantity, but can'now'be purchased from the.Isotopes Sales

Department of ORNL for less than $100 per gram.

Other applications of technetium include its use in
superconductors,h and it is being considered for-catalysis,
as an anticorrosive agent-ih high—fressure-boiling @ater
reactors, in SemiCOnductore, and as a sduroefofiioWQenergy

radiation for radiographyje>

*¥See p. . for the report on Tc99 sources;&'f*'




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:éteel can be échieved with low concentrations
of pertechnetates under suitable conditions. ‘Wheréas there may be spe-
cial circumstancés in’which the inhibitor may findipractical application,
its radioactivity and éqst.must‘necessarily restrict iﬁsiwidespread use.
There is need, however, fér fufther.investigation of poSsibilities of
using it in protectivé coatihgs’gr similar applicaﬁioﬁs, andlaléo of
its relation to the corrosion of nonferrous metals. The distinctive
propertieé of technétium gompouhds make the eleménﬁ an'exéellent nev re-

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

inorganic compounds so extensively ‘used as inhibitors.

Propérties of Teéhnetium Compounds Relatedtto inhibitioh‘A

A comprehensive revieﬁ of the chemistry of technetium has ﬁeen pub-=
lished‘recently,5 but.the following comparison with the»CHemistry of’
chroﬁium;will suffice to illustrate the differences that are significant
for; vstu‘.dies in inhibition.

The important valenée states of chromium‘agd technetium are Cr(VI),
Cr(III), Te(VII), and Te(IV), respectively. The bivaient chromafe ion
has basic and buffering properties: |

HOrOy === H' + Cr0,~ (K = 3.0 x 10°7),
vhereas the univalent pertechnetate ion derives from a strong acid and

lacks buffer capacity. When used at 1072 f concentration and pH 6.0,



the respective reversiblé electrode potentials aie:
cfoh"' + 5HT + 3" o .Cr(OH)j(ppﬁ) + H 03 E = 0.59 volt | (2)

and ‘ . |

| » Tcou- + hET 4 3e' - Tc(OH)h(pp£); E, = 0.20 volt. - (3)
Polarization measurements at a passive iron electrode,ihdicate that the
exchangé current density of the  pertechnetate electrode under the con-
ditions épecified above is several orders of magnitude greatérrthan
that of the’ chromate electrodé. ‘Unlike the chromate ioh; fhe pertechne-
tate ion does not oXidize.ferfous ions in weakly acidic solution, |
although;it is effegtivé in inhibition under the‘same conditions.
Oxidation does Qccur,,hdwever, in alkaline solution. ‘

The long half-life of Te”” (2.15 x 10° y) and its 0.29-Mev beta
‘radiation meke it .eminently suitable for tracer or autoradiégraﬁhié'
fechniqueé. At the low concentrations required in sfudies‘bf inhibi—
tion the radiation hazard is of no conséquehce. “The strong absorption .
“ bands of thg aqueous ‘pertechnetate ion gt QHhO'andFEBTS A'Qre very ﬁse-
ful fc;r 'ané;ly't‘i_cal burposes,. the j-e:d:invc’r:.ion éoé‘fficients being 6080 and’
2510, rgspecti#ely. The best value of the ratio of these cdefficients
is 2.63, and'this'is a uéeful test:of»thé purity of‘pertechnefate'solu-
tionsr;The’only electrode potential that has been directly meaéured6:is
that'éf tﬁe couple,

TCOL; + )+H+ + 3" o Tc(vOI{»)u(ppt); Eh'z 07738 :‘volt'; S (L@)
Othér‘important meésured or calcu;ated quantities are:T
Solubility of KTcOh at 2520 = 0.1057 M
8° for TeO), = 7.9 £ 0.3 e.u.

.’A§ for T?Oh(aqﬂ'z =T7%.3 e.u.




AF° for TC(OH)h(ppt) = -202.3 keal/mole

1

AH® for Tc(OH)h(Ppt)

-246.3 keal/mole -

Technetium is recovered from fissién products by solvent-extraction
procedures and converted to the salts«NHthOh and KTcOh.E3 Metallic tech-
netium is obtained in the form of powder by a two;sﬁage reduction of

NH) TeO) by hydrogen. In the first stage, TcO, is produced at .200°C,

2
and this is converted to metal at 700-800°C. The powder may be melted
~in an induction furnace (m.p. 2150°C). A few Fe-Tc 'alloys have been

prepared for metallurgical and electrochemical study.

Studies of Inhibition

" When iron or low-carbon steél is immersed in a soluﬁion of potas-.
sium or ammonium pertéchnétate‘aﬁ a pH of 5 or higher, there is an
initial reaction wherein the inhibitor ion is reduced withfformatioh of
& film of mixed iron and technetium hydroxides. The extent of this
reaction depends somewhat on the composition and surface activity of
the ﬁetal; it may be measured by counting the beta activity of'the'
water—rinéed specimen, since absorption of the weak betas is slight in
the thin film-prdduééd. The‘precipitated'Tc(OH)u may 5e reduced'to
‘much less than a monomolecular layer if an oxidizing agent such as
hydrogen peroxide is added to the pertechﬁetate solution. ‘Once passiva-
tién is achieved, no further consumption of the inhibitor is required
if the solutioh is exposed to air. Two specimens of S;A.E.alOlO carbon
steel have:beén immersed in a S X iO"h‘E solution since January 1953
(Fig. 1). The“betaractivity of the rinsed specimens has beén meaéured
30 times oﬁer the 10-year period. It rose to a.maximum’wiﬁhin 2 hr

after exposure at 95°C, and then slowly feil about .10 percent owing to



reoxidation of Tc(OH)), by oxygen. After the aétivity leveled off, the‘k
counts on one specimen showed the presencé of 0.146 * O.QOB ug of tech-
‘netium on k4 cm2 tﬁroughout the long experiment. The surface of the
specimens 1s still bright, the solution is

~ clear, and the weight is unchanged within

0.1 mg. ORNL: Photo

The film of réactionzproducts first 10803 .. » : I
forméd is not sufficie@t for maintaining

resistance tb corrosion, however, eveni

when heavy deposité are induced. Some minimum concentratibn 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 107° £ Tcoh 7) with

electrolytic iron and somewhaﬁ”higher with carbon steels or cast iron.

Tests ‘demon‘strated that the perrhenate ion, Reoh', which i1s similar | ’
in charge, size, and geometry, had no iﬁhibiting proberties at any con-
centration at temperatures between 5° and 95°C. ‘In=order to determine
whethér the radiation or fédiolytic products from technetium Weie in-
volved in its éction, a radioactive form of the perrhenate ion was pre-
pared contalnlng Re186 188. When this was used at a specific activity
corresponding to that of the inhibiting pertechnetate solutions, there
was stil; no inhibition.

That adsdrption is invplved.in the overall éorrosion-inhibition
ﬁroceSS’waé ihdicated by experiments‘in which fbreign ions, such as
suifate, were added to inhibited systems. It was shown that all the

xohn‘ inhibitors fail when the added ions exceed some concentration,

which increases as the’concentration of inhibitor is . increased.




The failure of the perrhenate ion to inhibit corrosion iérparticu-
~larly signifiéanf forladsorption theories, since it is externally similar
to the pertechnetate‘ion. Since the electrochemical polarizatioh theory
ascribes the inhibiting propertiés of chromate and, presﬁmably, pertech-
netate ioﬁs to their reducibility, polarization measurements haﬁe béen |
made to determiné the relative rates of reduction of oxygen and reducible
inhibitors on a passive iron electrode.’ Exﬁerimental resﬁltsg for
'oxygeh, technétium, and two other inhibitors (Fig. 2)‘show that the only
inhibitor that~exceeds~oxygén.in its rate of reduction at potentials in
the neighborhood of  the Flade (passivating) potential is OSOM. These
measurements disclosed an:interesting feature of the-electrodeS'exposed
to pertechnetate ion and osmiun(VIII) oxide. In both cases, the re- |
duction»produéts, Tc(OH)h and”Os(OH)ug accelerated the cathodic process,
whether oxygen or inhibiﬁbr'was being;reducéd. The»data from an eiperi-
menflgnvolving reduction of pertechnetate ions‘(Fig. 5) again show the
~favorable‘properties-of technetium compounds, Any TC(OH)u cathodically
produced on the surface may'Be_rémovédieagily'by‘brief anodic polariza-
tion so that .effects associa@e& With ité‘preSence=may be identified.

Theories of Inhibition

In modern studies of_the‘mechanism of corroéion(and its inhibition,
- the radioisotope principaliy ﬁsed’has been‘Crsl with a 27.8-d§y half-
‘life. This nuclide has béeﬁ used, for example, in studies of'the com-
position of passive films and the rate of deposition of such films on
Aron. Since the chromate ion is the most useful of the inorganic
inhibitors of the passivating type, it‘ié largely around this .ion that

theories of the action of such inhibitors have been developed.



These theories have considered rather varied conceptions as fo'the
fﬁnétion»of the inhibitor, the simplest being that the buffering -and
oxidizing properties of the_chromate ion permit it to oxidize fefrous
ions emerging through imperféctions in the film and;thus precipitate a
Aplug'directly'in the pore or crack. Eyansiglwho advanced this hypothe;
sis-years ago, nOW'attempts to give a’mofe generalized deécription df
the conditions that give rise toicorrosion, on the onevhand, or forma-
tion of a protective film, on fhé_other. For this purpose, he considers
the’nature of the barrier to anbdic dissolution which is interposed by
ﬁhatever'spécies is preferéntially‘adsorbed on the metal éurface from
the solution. - If this is water or hydroxide ions, emerging fefroﬁs
ions first meet the oxygen (negative) side of the adsorbed layer and
furthervmigration‘isvimpeded by the more remote (positive) side of the

layer. Protons are then ejected and carry the anodic current away from

the surface, leaving an oxide film that;ﬁay be protective. Evans then

treats the éhromatevion'analogously, postulating that both it and the
sulfate idn may have a positive region, X02++, analogous to that .shown
by the nitfonium.ion, éé in crystalline NOszlOA'. Both Uhlig at M.I.T.
and Kolotyrkin iﬁ Russia have postulated electrical effects at the sur-
‘face due to adsorption, but without developing the concépts to the
degree that wouldzpérmit a real differentiation between inhibiting and
noninhibiting species. |
Another theorylg of.the action;of reducible:inhibitors‘like the

chromate ion is that reduction can 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




‘are assigned to the inhibitbr'other than its oxidation-reduction poten-
tial and exdhangé 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 absence. The polarization theory
without supplementary considerations cannot, therefore, be considered a
general theory of inhibition,

There are also reasons why oxidation and buffering‘do not .appear
sufficient as a general explaﬁaﬁion of inhi‘bition}3 Further, the ideas
regarding surface effects’of'adsorptién were unable to explain why
chromate ions inhibit corrosion, whereas sulfate lons ao not, although
the two ions have the same charge, geometrical configuration, and
nearly the sa@e size.. It was this situation which led to the suggestion
thét the differentiation must Tie within the ion, rather than depend
upon its gross charge,'size, or geometry.

A crude electrostatic caléulation made in‘l952l3 showed that chro-
mate and sulfate ions will induce space charges of opposite polarity
when.adsorbed on a dielectric surface, if, as seemed,likély, the S5-0
bonds are essentially covalent and the Cr-O bonds largely ionic. This
difference in polarity should affect th¢ kinetics of charge transfer
across the interface. If the space charge ig indeéa felated to the
difference in corrosion rates, one should then be able to describe con-
aitions favorable to inhibitory properties in the Xoun’ structure:

(1) a high central positive charge; (2) ionic bonding X-0; and (3) an



10

oxidation-reduction pdten’cial‘ low enough to prevent rapid reduction of .
the thn'-pértiéles past the point of forming a surface film of reaction

products. The last criterion excluded the powerful oxidant Mnoh', and

it was therefore apparentlh that technetiﬁm,vin the sevehth group of

the periodic system was the most likely of all elements to have the

desired combination .of pféperties._ There We:ekreasons'for anticipating

that the Reoh- ion would be:iess inhibitive, but ho way to'predict how

much less.

15

Experiments™ with electrolytic iron and carbon steel in November
1952 immediately demonstrated the correctness of the prediction regard-
-ing the pertechnetate ion. It was found to be more effective both at

lower concentrations and at higher temperatures than the chromate ion.

Thus, 5 x,lO-5 £ KTcOh gave excellent .protection to S.A.E. 1010 steel at

250°C in a test lasting 116 hr; a visible film formed on the specimen,
but the solution remained clear, and the weight of the metal was un-
changed within 0.1 mg.
Conclusion

The experiments cited iIlusﬁrate‘how technetiﬁm mey be used to
evaluate the various theories of inhibitor action. For example, the
absence of buffer action and the mild oxidation'ﬁotential'argue against
the early chemical hypothesis. VThe extreme contrast between the char=-
gcteristics'of Tcoh' and Reoh' disproves any idea of adsorption that
¢onsiders‘only the external features of the ions. The theory éf purely
electrochemical polarization is doubtless a valid<descriptidn of‘action
that could account for passivation, altﬁough the measurement of the com-

parative contributions of oxygen and reducible inhibltors shows that
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oxygen is the chief source'of cathodic‘current with either Tcou' or
CrOu= as inhibitor. The action of sulfate ions»in destroying*inhibition
also shows the incompleteness of the polarization hypothesis.

There is cénsiderable évidence to support the assumption of the
electrostatic polarization hypothesis which‘iooks inside;the varioﬁs
ions for differentiating characteristics among fhem;la’la; The conclu- .
sion most likely to be reached ﬁltimately'is that each of the ideas thus
far proposed is meaningful for some aspect of the;inhibiﬁory'process;
the complete wnderstanding of which will necessitate the combination

~of the points of view of the electrochemist and the solid-state

physicist.
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B-INHIBITION OF CORROSION BY PERTECHNETATE IONS

- 410 ppm CHLORIDE ION PRESENT




1k

UNGCLASSIFIED

ORNL-LR-DWG. 54623

T ['.‘1"-“1 K
" L—Flade Patential, pH=§

(4)_

LOG TURRENT DENSITY (AZcm2)

~ SUMMARY OF POLARIZATION DATA

"0z (phthalate) |

I R P B R |

=18
-200

-100 O +100 +200 +300 +400 +500 +600 +700

_ —Average Corrosion Rate:

ELECTRODE POTENTIAL (mv.vs S.C.E.)

Fig. 2




CURRENT DENSITY (A/cm?)

15

- UNCLASSIFIED

'ELECTRODE POTENTIAL (mv vs S.C.E.)

Fig. 3

ORNL-LR-DWG.47352
| |
- :
10— - i
E E
[ i
| }@\& |
10 :— _ | E : A \@ —-—E
- CATHODIC POLARIZATION “\ £ 1
X OF PASSIVE IRON. \& \[¢ ]
N Y /c .
40_8 ' I | ;| | ml'
- -300 -250 -200 -450 -400 -50 O  +50 +100



Dwg. or Photo -
Number

ORNL Photo 10803

ORNL-LR-DWG. 54623

15a
FIGURE LIST
" Caption

Fig. 1. Uninhibited and Inhibited Steel Corrosion

Specimens (10 ppm Chloride Ion Present).
~A. Corrosion in Distilled Water
B. Inhibitlon of Corrosion by Pertechnetate Ions

Fig. 2. Summary of Polarization Data, 25°C.

Relative reduction rates of 0,, 0s0, TcOu-, and @f@£=

‘on a passive-iron electrode at pH ca. 6 and 24°0:

' VEth repfesents the calculated reversible potential for

| ORNL-LR-DWG. 47352

each couple. ZFEprinted with permission from J. of Phys.
Chem., 65: 1367 (1961)7

" Fig. 3. Cathodic Polarization of Passive Iron:

Successive polarizations of passive iron in phthaiaté

;»1 or pertechnetate solutions (0:010 £ at 5.6 - 5:9).

(2) Oxygéhateﬂ shthaiate alone;
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".amp/cm : points 6. Zﬁeprinted with pertilssion |

from J. of Phys. Chefi:, 6h 188h (1960)7
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I. PRINCIPLES OF ISOTOPE TECHNOLOGY
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In this first issue, a brief general'feview of the principles of
isotope production and utilization will Be followed.by more detailed
consideration of various appliéations in a number of areas. In subse-
quent issues, advances_in‘techhology aﬁd new. applications will be covered
but, in general, routiné>applications will be ignored. Since there are
only certain utilization<principles; we hope fhat novel disclosures in
one area may suggest analoggus techniques folﬁsers_in other areas.

A chronélogical outline of the development .of the isotopes program
is included to provide backéfound information. Many publicafions, in-
cluding annotated bipliographiés,-may.be used to supplement the revier
in the first issues of this quarterly by those who want more detailed
information on early;work and developments. VAmong these are the three-,
five-, and eight-year summaries of isotope distribution and utilization;;
the subsequent bibliographies published by the U. S. Atomic Energy Com-
mission;2 the list_of special sources of isotope information;5'the -
reports of the Atomic Energy Commission‘to Congress;llL and various AEC
and nongovernment publi.cations.5 |

Only abouf 100 radioisotopes are now rouéinely available,6 but more
than 1000 have been isolated and more fhan 1500 identified. Certainly
many of these have préperties suitable for a wide variety of applicé—

tions. We plan to keep readers abreast of progress in this
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direction, particularly as enriéhed targets and higher fluxes‘are used,
and to suggest profitable'areas of utilization. The subject "Stable
Isotopes" wiil be covered in a separate section.

That the program has grown -- and grown rapidly -- ié illustrated
by exaﬁination of,infq:mation on éhipping, licensing, and publications
since 1946 (Table I-1) and by comparison of the number of lébeled com-
pqunds available.in 1949 with ﬁhe number available in 1962 (Table 1-2).

. Table I-1. Growth of Isotopes Program

Total Total Authoriza- Cumiulative Total
To (Date)‘ Shipments tions and Licenses v«’PUblications
Aug. 1949 . 11,400 | 5,oooé ’ 1,850
June 1951 18,900 13,100% : 3,000
Dec. 1954 64,200 37,155% 7,000°
Dec. 1958 118,600 b, 347 15,000°
Dec. 1962 170,000 - 5,881 40,000°

gUntil 1956, individual authorizations were processed for each
isotope. After that, users were able to obtain licenses which

could guthorize 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).

gEstimated on basis of sampling from Nuclear Science Abstracts,:

Chemical Abstracts, and J. of Nuclear Medicine.
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Table I-2. Number of Labeled Compounds
Available in 1949-1962

Isotope 19492 ' 1962-b
P | 5 m
131 5 -6
e 13 81
ot ~100 ~1300

%p. 68 of reference la.
bpp. 13-132 of reference T.

Isotope Production

, Any'applications involving radioisotopes presumevavailability of
suitable nuclides. Most rédioiéotopes are prepared by,nuclear'reactions
invélving neutrons from reactors,,by cyclotron reactions, or by sepafaw
tion of éross'fission products which remain after the proééssingiof

spent fuels to recover the unused fissile material (Tables I-3, 4,‘5).

Table I-3. Neutron Reactions Table I-4. Cyclotron Reactions
Reaction Example - Reagction Example
() 0Pmnee®  (mm) 1iT(p,n)se’
Fe?B (1, )Fe> O @n) ee™a,mas?
() Wt O @ew) or%%(a,2nm®?
§32(n,p) P32 (@0  wePHa,0ma??
(o) e’ D) ca(ppm)oaT
Li6(n,@)33 o ~ (P{d) ‘Mggs(p,a)Naeg‘
(n,780)  xe'P¥(n,7)xet?5 B¢ 1125 T

vl
(n,7:67 )  Ba0n,y) ettt B agtt
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Table I-5. Fission Products

-Isotope % Fission Yield Half-life
KrO? | 0.3 10.3 y
sr° 5.9 28 y

7r90 6.5 1 X‘106‘y
me?? 6.1 2 x10° y
cetH 6.1 0.8 y
Pt | 2.6 2.6 y
st 5.9 0y

29 1.0 1.7x 100 y

Isotope Utiligzation

The principles of isotope utilization (Fig. I-1) have been reduced
to three major types, or methods of use. The first two applications
do not incorporate the activityvinio the process material and there is
no possibility of itéiremaining~ih,the final market product. In the
third; a radioisotope iS‘introduQed.info the substance under investiga-
tion -- usually a short-half-life isotope -- in small amounts, but
nevertheless often in sufficient quantity to leave an objectionable
" residual activity. The threeftypes 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 many important
examples of this application. 'The target material-mayvbe a plastic,
exposed in order to alter its properties (Fig. I-2); a patient with a
malignancy, receiving therapy; food being irradiated to rgtard deéay
CFig. 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 radiation, either reflected from or penetrat-

ing the material, is measured by a ccunter or photographic emulsion,

v.depending‘on,the information required. For example,nin industrialuor v

‘medical radiography a radioactive source can replace X-ray machlnes to .

quotograph bones, teeth, or castlngs. Industrial utilization includes

many important'applications to process and product control: measuring -

bIind (inaccessible) llquid levels (Fig. I-b); gaging thickness of ‘mov-

"1ng Sheets of paper, plastic, and metal (Fig. I- 5), controlllng cigarette

densities; ; R radiographlngvcastings and internalistructures_of
equipment (Fig. I-6); tracing oil flow in‘pipeliﬁe55CFig. I-7 ); and,

in some oflthe mdfe.recent applications,.usingfthe“iéotopic heat

resulting from the complete absorption of the radlant energy by a heavy

“metal such as lead or uranlum (Flg. I~8\

3. The Tracing of Radioactive Atoms.< Pefhaps the most interest-

ing and significant use of radioisotopes takes advantage of the continu-‘

ous "broadcast signal" generated by the decaying‘radioisotopes;‘ Suit-

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

of these atoms as they take part in chemical Feactions or biological
processes,or‘as they are involved in physical transfer. ‘ThevradiOA -

isotope tracer may be used to study surfaCe phenomEna such as induced :

p3551v1ty} : o iv may be 1ncorporated in a compound added - to
water runnlng through a leaking pipe; F - it may be an actlve
atom in sugar (e.g. ) for studying body metabollsnbf: , or

it may be a label in a fertilizer compound used to;studyfthe mechanism

of fertilizer upteke.
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CHRONOLOGICAL OUTLINE OF DEVELOEMENT OF ISOTOPES PROGRAM

“June

‘Aug.

Jan.

July

Sept.

Jan.

Apr.

June

July

Sept..

First public announcement of reactor-produced radioisofopes
available under the distribution program appeared in Science
(served as lst radioisotope catalog)

First reactor-produced radioisotope shipment, from Osk Ridge

Jurisdiction of program turned over. to c1v111an Atomlc
Energy Commission

Initiation of reactor service irradiationsy that is, a
service whereby the radloisotope user may submit his own
sample for irradlatlon or neutron bombardment in a nuclear
reactor

First compound labeled with radiocarbon (methyl alcohoi)
available from the Commission '

Routine availabiliﬁy of chemically processed radioisotopes
with standard spécifications

Initiation of a program for international distribution of
radlolsotopes

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

Initiation of & 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 radiocisotopes by common carrier

(rail and truck)

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

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

Beginning of production and distribution of radioisotope-

-labeled compounds by commercial firms

Distribution of tritium (radioactive hydrogen) and stable
helium-3
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l9h8, Sept. Completion of a mnationwide 1ntercomparlson of* 1odine 131
' radiation analyses conducted by the National Bureau of"
Standards and Atomic Energy Comm1331on

1949, Feb. Extension of Commission's program for support of cancer
' research to include the availability of all normally dis-

tributed radioisotopes free of production costs for use in ,
cancer research '

.l9h9, June '~ Initiation of a pfogram for cyclotron production and dis-
‘ tribution of certain long-lived radloisotopes not produ01ble
in the nuclear reactor

l9h9; July ~ Enactment of regulations by the Civil Aeronautics Board
for shlpment of radioisotopes by commercial alrcraft

1950, Mar. Completion of new large-scale radioisotope proce831ng
"~ facilities at Oak Ridge National Laboratory ..

1950, Oct. Announcement of program for reﬁurning radiocactive wastes
to Commission facilities for disposal

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

‘1951, Jan. Announcement that Brookhaven National Laboratory will pro?
vide reactor irradiation services and ralelsotopeS‘

1951, Mar. Elimination of requlrement for publlcatlon of results
obtained Wlth AEC- produced,radlolsotopes

1951, Apr. Publication of first issue of the qnarterly bulletln,
» '”Isotoplcs--Announcements of the Isotopes D1v131on"

Publication in Federal Register of regulations governing
radioisotope distribution, including designation of
"generally licensed" quantltles (requiring no license -
application) . ’

1951, July Expansion of international distribution of radioisotopes °
~ to include all reactor-produced radioisotopes (except
tritium and polonium-210) and to authorize the export of
these materials for use in scientific research, medical
research, industrial research, medical therapy, and indus-
trial applications :

1951, Nov. Flrst'radlolsotope (iodine-131) accepted by Federal Food
: and Drug Administration as effective new drug; phosphorus- 32
accepted June, 1952; and colloidal gold- 198 accepted
October, 195k. .



1952,
1952,
1952,
1952,

1952,

1953,

195k,

195k,

1954,

195k,

1955,

Jan.

Apr.

May

Junév

July

Dec.

.Jan{

S July

Sept.

Oct.

July

2

First film of thirteen-part radioisoctope training film
series, "The Radioisotope,"” made available for distribution

Announcement of availability of»neﬁtron aétivation analysis
service at Osk Ridge National Laboratory

Publication of AEC-financed suppiement to the Journal of
the American Chemical Society on labeled-compound synthesis

jfRevision of AEC Cancer Program to make most radioisotopes

available at 20 percent of catalog prices
First suthorization of industrial waSte{dispoSal service

Publication in the Federal Register of criteria governing
the authorization of AEC-supplied radioisotopes for research
and development, for human use, and for use under a general
authorization; use of license- exempt quantities of radio-
1sotopes in humans expressly prohlblted

Announcemént of availability of fa0111t1es for irfadiation

- of large items at Brookhaven National Laboratory

Publication by USAEC of list of 492 isotope-labeled com-

. pounds available from 15.commercial suppliers, the National
Bureau of Standards, and Oak Ridge National Laboratory

Announcement of -standard reactor units of radioisotopes

Revision of Federal Radioisotope ‘Distribution Regulations
to cover radioisotopes produced in any publicly or pri-
vately owned nuclear reactors located within the United
States, its territories, or possessions '

Stable isotopes made available for éxport

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

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 flelds -of the
order of 10 mllllon roentgens per hour

’Large-scale production of h1gh-spec1flc activity cobalt-60

begun at AEC's Savannah River Plant




1955,

1956,

1956,

1958,

1958,

1958,

1958,

1959,

1959,
1960,

1960,

1961,

1961,

Nov.

Feb.

Aug.
Mar.
Apr.

Aug.

Oct.

Jan.

Aug.

May

July_'

Jan.

‘May
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AEC w1thdraws from processing and dlstrlbutlon of cyclotron—
produced 1sotopes

Generally licensed quantities of radioisotopes 1ncreased

‘permitting wider use and interchange of small samples

without an appllcatlon, simplification of international - v
distribution of radioisotopes permitting U. S. licensees to
export radioisotopes of elements with atomic numbers 3 to 83
Sale of enriched stable isotopes approved by AEC

Records. relating to radioisotope llcenses made publlcly
available in AEC's Public Document Room - -

Cobalt-60 encapsulation services'turned over by AEC to
private enterprise ‘

Fission-product cerium-14L reduced by‘AEC to $1. OO/curle

for ordersof 100 kilocuries or more

Kilocurie Fission Product Separation Plant started operation
at Oak ' Ridge National. Laboratory

‘Isotope Development Program initiated for encoureglng

the growth and development of radioisotope- and radlatlon
uses in industry"

Division of Isotopes Development Adv1sory Committee on'.
Radioisotopes and Radiation formed

.»Routiﬁe availability of calciumyMT announeed‘i

AEC withdraws from sale of polon1um-210 sources of less
than 20 curies

AEC discontinues providing standard reactor- 1rrad1ated
units

AEC reaffirms policy of w1thdrawal from neutron 1rrad1ation
service .

Abbott Laboratories announces availability for first time
of iodine-131 from private manufacturer

Eiectromagnetic separations facilities at Oak Ridge
National Laboratory expanded from k4 to 28 calutrons

ijobalt -60 metal sources become avallable from prlvate
industry; AEC limits supply from Commission facilities to

orders of 100 kilocuries or more; large-order price . reduced
to $1.00/curie for specific activities less than 30 curies -
per gram
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1961, June Completion by Osk Ridge National Laboratory of first large .
fission-product source for use in thermoelectric generator--
17 kilocuries of SrTiOz, 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 as a supplier of ]_:>llzdzr:>nn1m-~
’ : beryllium neutron sources .

1961, (early) First private productlon and marketing of o0 (cE and
‘Westinghouse)

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

1962, Mar. AEC withdraws from neutron activation analysis service in
favor of industry

1962 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

1962, Mar. Fission-product cesium~-137 reduced by AEC to $O.50/curie
for orders of 100 kilocuries 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 $O.75/curie
for orders greater than 30,000 curies

1962, May Completion by Oak Ridge National Laboratory of first large
gamma-ray (cesium-137) source for thermoelectric generator--
27 kilocuries cesium borosilicate, 125 thermal watts; later
inserted in generator by Royal Research Corporation for
operation of a deep-sea seismograph statlon for Lamont
Geological Observatory

1961-1962 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 SrTiO3, 195-1400 thermal
watts ‘ ‘
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131962, Sept. First AEC 11cense to 1ndustry for land disposal of by-
I ' ,product wastes =

: 1962, Oct. AEC withdraws from fabrlcatlon and sale of polonium-210 .
o sources of less than one kilocurie for private use

. 1962, Dec. Development of Csl3T-Li silicate glass at Oak Ridge
’ ’ National Laboratory for Brookhaven large-scale research
'gamma 1rrad1ator

1963, Jan. .First strontium-90 fuel source processed by private
' - 5industry

. Price reduction for cobalt-60 in the hlgh-curie supply :
area; aimed at encouraglng greater commer01al reproce831ng
' and distribution : .

AEC withdraws from prov1d1ng 1r1d1um—l92 (solutlons and '
sealed sources) due to industry capablllty : o

1959-1962 AEC Div131on of Isotopes Development arranged and partlci-
: -pated in 29 1sotope symposia throughout the country to
encourage -industrial use of isotopes :

1962-1963 AEC relinquishes certain of its'regulatory authority‘to states

of Kentucky, California, Mississippi, New York,.  Texas, and
Arkansas: . v .

1963, Aug. AEC withdraws from by-product waste disposal for lioeﬂsees
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EFFECT OF IRRADIATION ON THERMAL STABILITY OF PLASTICS
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The fbllowing review article, an official report of the status of’
U. S. Atomic Energy Commission research and development activities, is.
presented as wriften for oral presentation at the Fifth Japan Conference -

on Radioisotopes, Tokyo, Japen, 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 |

Ma jor technological advanceé are being made in the United States
to extend and‘accelerate the beneficial applications of radioisotopes
and radiation. The government’s program, carried out by the Atomic
Energy Commission, is contributing importantly to the overall progress
in the Uhited.States oh 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 épblications, particularly those to meet problems of
urgent public interest, (2) accélerating realization of the potential
contribution of radioiéotopes and radiation applications tovthé
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, 1963. 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. Radioisctope and Fission Product Production and Separations

Technology fulfills the Atomic Energy Commission's respon-
sibility for %hsuring the availability of radioisotopes

- and radiation sources to meet the changing needs of advancing
science and technology in the United States.

2. Isotopic Power Fuels Development is dirécted to the develop-‘

ment and production of isotopic fuels and fuel forms fbr 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 megacurievquahtities

of fission products and other radioisotopes for process
radiafion purposeé°

L. Radiation Pasteurization of Foods involves the development

of technology for low-dose radiation pfocessing of certain»
fruit and fishery products to extend their.refrigerated
shelf-life.

5 Radioiéotope Technology Development creates a broad base of

new and improved téchnology required for extending and
speeding up the application of radioisotopes‘in séience
and technology.

The progress and scope of activities in eaéhlof these areas ovef

the last year have been impressive.
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In the productxon of radzoxsotopes, advances continue to be made ,lp»
r‘through development of processes for- producing new isotopes and chemi-
;‘,:’,;]Tpcal forms, as well as high radlochemically pure materxals to meet the :
:needs of science and technology in the United States. We are now rou-i’
'tinely~pfoducing‘multlmegacurie quantities_of Cobalt 60, Strontium 90,‘”

. . and CeSium'137 for”pr0cess radiation application deuelopments and for

fruse es thermal sources for devices to power automatic weather statlons,
"light buoys, sexsmographxc unxts,’and underseas electronzc equipment.f
During the past year the world s. largest single Cobalt 60 source,
:approxxmately 1.4 million curies, was produced at the Atomic Energy
.thomm1831on s Savannah River production site and dellvered to the U. S.
rr;Army Radiatlon Laboratory at Natick Massachusetts. Included in our
. - AA,‘current large-source production effort are 120,000 curies of Cobalt 60
7% for the,Japan Atomic Energy Research}lnstitute;' The requirement‘for
reliabiepliong-term euxilisry electricrpower in;tﬁe national space pro- .
grem‘hes resuited in a stepped-up'development effort' in . ‘the :
“_productxon of large quantities of previously scarce rad101sot0pes such
lgs Plutonium 238, Curium 242, and Curium 244, These radioisotope power
lSCurceS are planned for use ' tn lunar sctentific probes, communi-
cations,and meteorological satellites. . |
;n the Unlted States an estimated 50 kilowatts of installed radia-
jtion power 1s now being used for commercial . process radLation purposes
uThe’value ofppnoduction-is estimated at 20 mzllion,dollars annually.
We haue Qitnessed the‘emergence'ongthe.commercia1>merket.ofVnew radiation —

E produéed-prodﬁctsfwhiéh’canueicnerlbefproduced'Betterﬁby radiation, or

~.‘I' T el e




rwhich.CénnOt be made readily by other means. The first industrial use
of.rédiation for bulk chemical manufacture in the United States is now ,;‘
: being ;érried out by the Dow Chemicaleompany. This involves the coﬁ-
f :mer¢ia1?sca1e production of ethyl bromide, using Cobalt 60 as the source
"‘of radiation energy. Siénificaﬁt‘adéaﬂces made in the Commission's proc-
1Les§1radiation development prograﬁ range from tadiation polymerization of
~wood impregnated with monoﬁer materials to forﬁ "wpod-plastic alloys" to
the discovery of a new reaction mechanism for formation of hydrazine by
'irradiation of’ga$eous ammonia,

Signiiicaﬁt aChieQements have been made in developing the technélogy

for radiation pasteurization of foods, including precessing conditions

needed to insure the retention of freshness and nutritional
values. v v : In addition, preliminary mar-
keting and economic studies are being made . in anticipation of the

"~ ultimate commercialization of ﬁhe process.

In thé area of radioisotope téchnology,
- advances range from developments leédiﬁg to an ocean-bottom sedimepc

vdensity Qeter to an activation analysis ;echpiqué'for analyzing the sur- ﬂ
face of thé moon. A significant new devélopment is a portable
beta-excited X-ray system\ﬂuxﬂluses a Promethium 147 radioisotope source

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

Neutron activation analytic technxques have been greatly expanded in

range of application from identification of manufactured materzals, such

as plastics, to scientific crime detgc;ion.

Tﬁe'Atomic Energy Commission?s'rééearch and development work on iso- .v

topes and radiation is managed by‘its'bivision 6f‘Isot0pes Development
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and carried out in the AEC's National Laboratories and with private
research laboratories. Appendix 1 identifies radioisotopes and radia-
tion research and development projects now being carried out for the

Atomic Energy Commission by private research groups.

Radloisotope and Fission Product Production and Separations Technologz

In certain respects, the Atomic Energy Commission s work on radio-
isotopes and fission product production and materials development_is 3
probably one of its most.important activities. This isleSed on the ﬁ
fact that all its rad101sot0pes and radiatlon technology development
effort must ultimately be based on a continulng availability -of suitableo . |
radiocactive materials in adequate,quantities.and at a‘reasonable price.

The changing needs of science and technology'hove'pfesented a con~- -
tinuing challenge to our radioisotopes productiop‘program. Todéy 137
individual radioisotopes are routioely available from theiAtomic;Energy:
Commission. On almost a day-to-day basié'efforts‘ore directed towafd
development of new fadioisotqpes andvrodiationASOurces; os’WQll;aé
toward improved production processes for existinQ'radioisdtopeé;

Improved production is particularly important beoéuso‘many recent

industrial and medical applications require eter‘increasing Quaotities :

of radioactive matefials; For example, as of Januarytl, 1963, Oak Ridge
National Laboratory had produced and distributed about égl'ﬁillion curiest

of radiocactive materials during the entire 16 years of the rodioisotoﬁes'
distribution prograim. However,tolmost half of tﬁis amount or about one-million

curies was distributed during just the pést two years. This substantial



growth in the demand for radioactive materials and associated
ser&icés.and equipment has élso ied to the development of a substan-
tial p;iVafe radioisotopes business in the United States. The market
for modified isotope grbducts and devices in'1962 was in the
'3277-'34;000,000 range. The following is a break-down according to
: pfoauct.éreas:
| y -;'current sales of labeled org;nic compounds are $3 - 4,000,000
per year. Growth rate is af a level of approximately 10 - 15%
- per year. |
-~ current éales for radiopharmaceuticals are at a $5,000,000
level. Crowth raﬁe is at a 1e§e1 of‘approximately 257 per
yeér. . - |
' -- saAle.s. ‘of teletherapy units have reached the $2 - 3,000,000 ‘ .
b-pér year level. Se§en U. S. manufactureré“produced these .
devices. - | |
,--.the-ﬁarket for radiographic equipment and commercial ixra-
.diétioniserviéés has reached thé $15 - 20,000,000 per year
. leQel. |
Several developments in the area bf new radioisotopés production
'sﬁould Be ﬁéntioned. One of the ﬁost promising is the use of enriched
-.targets'in radioisotopelﬁféduction. For example, Hafnium 175, a iow-
eﬁergy gaﬁmaﬁémitte;xﬁith a fO day haif;life wés pfoducéd by the
fréactor>irradiation of'é Héf&iﬁﬁ 1?4 Eérgét énriéﬁed 50‘7.85%vﬁafnium 174.
‘.Simiiarly, Germ;niumv71.wa§ ﬁrodﬁceénéﬁrough the irradiatién of 86%'.
enrichgd Gér@anium 70..'Tiﬁ”119m.wa§:ﬁadé by the irradiation of a tar-

get enriched in Tin 118, . - ‘ ) .
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h Anethersiv . area is the development of X-ray ahd bremsstrah-
" lung radiation sources, taiior-made to emit a-specific’eneigy X-ray for
‘a specific purpose. We have prepared Promethium 147,pe11ets ehcapsulaﬁed -
ih,eluminum to form sources of low emergy X-rays. Beta eéission~from;‘
the decey of Promethium 147 produces its characteiistib 38"Kev'k’x;ray
as éecondefy radiation. In the same manner, the Charaetefiétic SO«KéV‘ '
x-ray of antimony can be produced by pressing a. mixture of antimony :
- metal and promethium oxide into a pellet. Promethium 147 bremsstrahlung
soufces have also been fabricated with platinum sponge and tungsten car-
_ blde. Three-hundred millicuries of_Promethium 147 absorbed on Decalso ‘
and mixed with 1 gram of platinum,gave 1.7‘x los,éhotons pef‘m;nute’of .
the eheraeteristic 67 Kev platinum Xerey; fThe»same quantitjiefr’ B
Prqmethium>147 absorbed en Decalsoband mixed wiﬁh two»grams’dfttﬁngsten
carbide emits 1.7 x 108 phqtons per minute ef:tﬁe cha:aeter{étice59>Kev_
tungsten X~-ray. | | ! |
Substant1a1 progress is also being made in teCunlques for»the prepara-,‘
tion of zsotopically enriched materials, For example,
we expect soon to  be prepared to offer Krypcon 85 enriched
up to as much as 50%. |
* Another Qotentially valuable devélbpment we are activel& follbﬁiﬁg

is the usé of Iodine 125 sources for medical and industrial XArayeradie

ography. Tt
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During the past year, Oak Ridge Naticnal Laboratory has been inten-
sively studying the preparatibn and enéapsulation of Iodine 125 X-ray
sources. At first, the compound used was silver iodide. The source was
prepared by‘preéipitating silver iodide with the minimum icdide carrier
added, and then centrifuging and drying the precipitate. The precipitate
éontaining 2 curies of quine 125 was encapsulated in stainless steel -
having a 2.5-mm inner diameter and a l-mil-thick window. Evaluation of
the use of Iodine 125 as medical radiography source has been made at the
Ohio State University. N

It-was determined, as a result of the evaluatiqn, that the efficiency
of the emission was decreased because of the high‘K absorption edge of
silver for the characteristic Todine 125 gamma photon. To improve the
output, sodium iodide was used as the compound for a second source which
is now being evaluated.

Osk Ridge National Laboratory has also investigated plating Iodine 125
on platinum, silver, and palladium by chemical‘reaction. Oniy limited
deposition of iodine was obtained. Also, the deposited activity rubbed
off easily and could be released upon heating. We are thereforé presently
examining the absorption‘of Todine 125 vapor on a tiny porous carbonvplug
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 yields, 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 eﬁciting new area of radioisotopes application is bésed
oﬁ the liberation of thermal energy during radioisotope decay. This
has led to the developﬁent of smallAhuclear»power suppiies, which derive
their energy from radioisotope deéay, for use inllocations~aﬁd undef‘
environments where more conventional sources of electricipowerbare
unsatisfactory.

Isotopic power systems, or SNAP devices as they afe~cailed;vare 
‘now being used to power navigational satellites in space, remote autp;
matic weather stations near both the Nofth and'South Poles, and nﬁvigatibhal
buoys and underseas electronic equipment. Other SﬁAP devices will probably
soon power barge-mounted automatic weather stations, lunar $cientifi§
probes, communications and meteorological Satellites, and é‘hdst of
additional terrestrial, marine, and space systemé. | |

Present indications are that by 1970 meny electrical kilowatts of
radioisotope power will be required annually. Consequently, the Atomié
Energy Commission program has as its ultimate dbjective the yeariy
production of perhaps as much’ as 1,000 thermal kilowatts of radioisotope

materials, Tables I and II identify present and planned production goals.
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The incredibly large quantities of radioactive materials, possess-
ing appropriatg characteristics, which will be required to sarisfy
isotopic power needs have posed the most severe challenge to the AEC's
materials development and production activity since its inception in

1946,

Two major categories of radioisotopes arg'being considetéd as heat
sources: the beta-emitting fission products separated_from gross radio-
active wastes generated in the puclear fission process, and certain very
energetic alpha emitters.

It is impqrtant
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 pfocess to make substantial

quantities available at reasonable cost.

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

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

energy gamma rays.

In the‘familiar double-humped yield curve for the thermal Ziszion
of Uranium 235, t@e peak occurs at mass numbers of roughly 90 and 140
and isotopes in yields of around 5% will be found in the vicizicy of
these numbgrs. Thus, Strontium 90, Cesium 137, Cerium 144 and Promethiw. .-7

are the only radioactive fission products with half-lives greater than

six months and less than 100 years that are of interest to us.
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-The pqtential alpha emitters, which are produced by specific reactor
irradiation, must be selected on the basis of the same gepéral criteria
(except fission yield) as the fission products.

.6ﬁbﬁg“that -nly Polonium 210,'Plutonium 238, Curium 2&2,’and Cufiﬁm 284
~.wii1,meetrthese critefié; The quantities of these materials‘wﬁich can
} be produced are, Qf course, limited oﬁly by the,évailability of target
méteriais; reactor spacé’aﬁd chemical processing facilities.

In almost every instéaée the elemental forms of the radibisotopes
are not consider,d the most desirable for heat sources; Rather, ' they
are cemb&néﬁngzo compounds exhiﬁiting pﬁysicél aﬁd éhemical properties -
rgquired for particular application. 10rdinarily,_it is desirable to con-
centrate as much radio#étivity as possible in a given volumg;&nd‘;ghs aﬁ
important ériterioﬁ in evaluating thg-usefulness of an isotope compoun&
will be-itéd"power density" expressed in unité Of4watté/cc. This unit
in tufn'is the product of ‘the specific §6wer in watts/g and the maferial
density in grams/cc.

The radioisotopes of intereét afe éummarized in Table‘IIi. 

The chemical form of the radioiéotope must possess other desirable
properties if it is to bé useful for thermallsource appiications. Cer-
tainly, its melting point should be higﬁer than the maximum temperature
ii will expefience in an oéerational si;uation. it’should.be cheﬁically
inert with respect to the‘materialé used to encapsulate it. ft shoﬁld‘
be stable at the expected operating temperatures and not decompose or

swell in an unusual fashion. Its thermal conductivity should be high ;

enough to permit escape of the heat generated without undue tempefature
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differentials thfough the compound. ‘It should be relatiﬁely’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 teéhniques in a hot cell.

This discussion of criteria used in the selection of appropriate
radioactive materials for thermal applications provides some idea‘of the
constraints placed upon ﬁhe Atomic Energy Commission both in materials
development and in préduction.

Today the Atomic Energy Commission's Hanford Atomic Products Operation
is the.only source for fission products in the United Stétes. Uhfil reprocess-

| v | o
ing plants are built specifically for handling power reactor fuel elements,
Hanford will probably remain the only source; Sevéral years ago, when the
need for large quantities of éeparated figsion products was recognized,
interim facilities for the separation of the four principal fission pro-
ducts (Strontium 90, Cesiﬁm 137, Cerium 1hk, and Promethium lh?), were
installed at Hanford. These crude cuts are then shipped to Qak Ridge National
Laboratory and the Martin Company facility at Quehanna,.?ennsylvania, for
further purificétion, processing, and encapsulation. This interim arraﬁge*

ment, nevertheless
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gives us an’annual capability‘for producing multimegacurie quantities Qf
final product. At Hanford a new concept of radioactive wastekmanagement
has been proposed. It. would insure the éontinuing ayailability of greatly
-increased quantities of the four principal fission products. These isotopes’
wbuld be removed from the gross fission product stream'and’the reﬁaining :
wastes would be golidified‘in storage tanks byvevaporation;‘ The Separated
long-lived fission products could then either be pufified,and’processéd
for beneficial utilization or absorbed on an @norganic ion‘exchange :
material and sealed in stainleés steel cans for permanent storagé. Such

a plan would alleviate presént»difficulties resulting from Self-héatingl
wastes in storage caused by the long-lived fission products.

Hanford also now is studying the design of a fully integrated fission
produbts,processing, fabrication, and encapsulatiﬁg facility. Such a
facility could convert and package for utilization all the Strontium 90,
Cesium 137, Cerium 1k, and Promethium 147 generated'ih the operatioﬁ of
the Hanford reactors. The design study is not complete, but preliminary
data indicate that we can make available, annually, well over one-ﬁundred
million curies of packaged“fission ﬁroducts‘at oﬁly a fraction of today's‘
costs. | |

In addition to efforts in improving énd optimizing fiésion produéts
production, significant emphgsis is also being placed on the development
of imprpved materials. - For example, while strontium titanate is an ex-
cellent material for terrestrial and marine applications,'it does not

have»the appropriate characteristics for space applications. Research



plagy ety

and development work isAgn—progress~on the preparatxon of a Strontium 90
- fuel form 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 signifiCantlyvhigher power

TR
on~ *
density than strontium titanate. This latter characteristic is absoluto}y
Pooin-s

ossentmal for those applications where maximum power to weight is essential.
Efforts are continuing apace in the development of improved fuel forms
for Cesium 137 and Cerium 144, The presently'aocepted product for
Cerium 144, ceric oxide, while possessing very high power densities and
temperature stability, 1iberatos oxygen on raoioactive docay. This poses
problems in‘thé design of appropriaté encapsulated thermal sources. We
‘have, therefore, a continuing program aimed at ohe’development of
app%oprzate okygen-free forms of Cerium 144,

\E\ 0\,»(’ D‘\JA 14

Onojg£ﬁ2 sﬁ—&aéﬁnic&%%y challenging effortd is the development of
technology leading to the production of large quantities of Curium 242,
Produced.up—%o:gggi;nesent in only £§2§§¥g;a%~gsamrto-gram quantities for
research purooses, Curium 242 has been'selected as the isotopic fuel for
auxiliafy power in the Surveyor spacecraft because of its very high power
densioy and eaéily shielded radiationms. The Surveyor mission, designed
to'land insﬁruments on the mooo's surface in support of the Apollo pro-
gram, will require tens of groms of ohe Curium;242 fuel annually.
Oak‘Ridge‘National Laboratory, reéponsible for the effort, is no& com-

_ pletiog the installation of facilities for'the production of'Amerioium 241
targets, the solvent extraction separation of Americium 241 - Curium 242

fraction from the fission products;and'ﬁor the fabrication of thermal

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

’
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in a hign-flux reactor such as-the Oak Ridge Research Reactot or the
Materials Testing Reactor located at the National Reactor'Testing
Station in Idaho. The irrediated'material will 5e dissolved and the
fission prodncts removed by solvent extraction, but the Americium 241

;-

w111 probably not be separated from the Curxum 242 The final solution tytﬂ/
|7 A

ﬁA/%urther processed into a Curium 242 oxide which xx calcined, pel-

3

letized, sintered, doubly encapsulated, welded,and leak checked. “F%. .
“tseanticipated—that ﬁhe first substantial quantities of material willvFA 'a}/
be produced this year with our productlon capability rising by 1964 to
at least 80 grams annually.

The technology being developed under the Curium 242 pro r haer
o MC{NR, ﬂ:‘\ 4, /"‘f" M

—applicabidity=to the production of Curium 24§)w7¢rh~ts—also partxculatly
interesting as an auxillary electrlcal_power source for aerospace appli-
cationsl Again, laigeescale production represents_a.trnly pioneering
effort. The objectives-of the Curium 244 production program are the
development of chemical processes for recovering and purifying a Cm-Am
mixture from irradiated plutonium targets, the development of the optimum
Curium 244 ‘source compound or mixture for specific ob;ectives, and the
determination of the characteristics of Curium 244 znftmal sourcesn
Although chemically identical with Curxum 242, ggghprocessing and utilie
zation oé-cee%um—eéé present unique problems because of differences in
feed material-compositlon and specific power generation. Applications of
Curium 244 may teqnlte itslseparation from americium, which is not neces-
sary in the case of Cnriumv242,fin,order to achieve the requited power
czasity. SOurcekcompopnds and mixtures of Curium 244 will,have different
rejuirements from-tnosefofvéurlpm 242 for thermal conductivity, radiation

emissions, size, shape)and encapsulation.
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Ror thh Polonium 210 and Plutonium 238,.ue have been routxnely
j_.& ac,/ﬁ‘/
producing and utxliziag the metal for thermal applications. However,
the trend in SNAP application is toward?ﬁﬁlgher efficiency direct

energy conversion systems requiring isotope sources capable of operating

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

directed towardz-ehe develogﬁg%d &2 high temperature-low vapor pressure
f . 4

compounds of polonium and plutonium and toward;‘welding techniques and

materials of encapsulation for high~temperature containment. Although
our results are not & yet conclusive, the family of rare earth polonium
compounds looks most promising,as do some of the ceramic forms of

Plutonium 238,

Safety Testing

D

- The remaining major program actxvity associated with the Atomic

Energy Commission radioisotope produétion efforts relates to safety .
, ' WAL
testing of sealed radioisotope sources. The~purpese—of Lhe program ie

~so provide a fund of information which can be used by source manu-

facturers, users,and regulatory bodies to help maintain the present high
standards of saféty in radioisotope applications.
The first objective in the program is to develop a uniform source-

c.essificacion system based on the mechanical gnd envxronmental integrity

l\e"f‘"
of the source. A uniform system wzladéhahlo—eur regulatory groups g~
. ]
ey %eé*ﬁeates-%e:'se consistent methods of defining source character-

istics,%a-eheianzegulaiqonSK The classes will be defined wherever

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

strength, corrosion rate, etc.) to minimize misinterpretation.
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When strength and corrosion values for,the-varidusbcléséés Of soﬁ;cesv
are established, standard tests will be developed that can be used to
determine the class in which a source belongs. At the same timeatsimpie‘
quality control tests will be developed that can be used by'manﬁfactﬁrers
to measure their produét;s quality againstfthe réquiremenfs‘of the source
class. ‘ | |

The third objective of the programtis to:dévelgp'affafing systémv
that can be used by bdth manufacturers and regﬁlatqry gfqﬁps to deténnine
the classeé of sources required'for particularkapplicati¢hs{ The.system .
will be based on data obtairied by testing a‘_variety of sources now: in use
that have demonstrated their reliability from a Vsia'fe’t',y- stand];ioinﬁ,ibn
experience gained in developing classificatién and Quéiit& C§ntr§l ﬁests,
and on results of a survey of énvironmeﬁtéliconditiohs ékistiné_iﬁ &arious
types of source applications. |

Tﬁe survey of'envifonmental‘conditions has.feqén£ly been‘éoﬁpléfea,
by Battelle Memorial Institute under contract to the Atomic ‘Enéfgy
Comﬁission, The source classification system shéﬁld be,ayailéble”by the
end of this year. | B .

In the interim, detailed testing of commerciélly a&ailéble séu:;es
is procééding at Osk Ridge Natiohal Laboratory. Work is expeéted“to‘A.
start‘in 1964 on standardizing quality control tests'along lines compatible
with the classification system and tests. By,1965 sufficient dgﬁa shouldlbe

available to begin work on the development of a sealed source fating system.
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Another aspect of our safety program is the test evaluation of radio-
isotope shipping casks and medical teletherapy units to ensure that they
badeqpétély” meet existing and planned safety criteria. Many drop tests
have been conducted during the past year to test the structural integrity
of a broad’raﬁge of‘shipping casks. The casks are dropped on a pad whiéh
consists of a 12 by 1l2-foot pdiece of steel armor plate 4.5-inches thick,
backed up by a 5-foot thick slab of reinforced concrete. Below this pad
is a 3-foot diameter reinforced column reaching down 10 fee£ into bedrock.

| Each cask is instrumented with acceleraometers, strain gauges, and
compressometérs to measure inner wall deflectioﬁs. Some of the casks are’

covered with brittle lacquer material to determine the areas of high stress.

Cask>s havvej been dropped horizdntally, on end, on a corner, and on .
pistons. Results indicate the casks will meet free fall safety require-
ments, although there is some doubt whether the outer shells of casks
weighing more than six fons can resist penetration by a‘6-inch diameter
piston.
Similarly, we are fire testiné both shipping casks and shielding
devices such as medical teletherapy heads to determihe if they meet the
standard one hour fire requirement as established by the Nationél Fire

Protection Association.

Process Radiation Development

Contrasted to the United Stafes' slow progress during the past

decade toward industrial utilization of radiation for manufacture
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of chemicals and chemical products, we are today thnessing new gains,
new interests,and new effort in developing ionxzing radiacion for process
purposes.

An estimared-so kilowatts of installed radiation power is now-beingi‘
used for commercial radiation purposes. .We.are witneseing the emergehcer
oh the commercial market of oew radiationvprodeced products. The firstv
industrial uee‘of radiation for bulk chemical manufacture in the United(
-States is now being carried out b} the ﬁow Chemical Companygl'This |
.znvolves the commercxal~sca1e production of ethyl bromide,’using
Cobalt 60 as the source of radiation energy. Other products include
radiation~crosslinked polyethylene wrap and insolacion, radiation-indoced
- graft polymers, radiation—cured(industriai ooatiag,,radia;iooemodified
semiconouctors,and radiation-sterilized medical-Supplies;! Estimateav
place the commercial‘prooess radiation business at‘ZOemillion dollarsA
. a year, Lxsted in Tables IV and V are radiation processed products now .
being manufactured in the United States or planned for productxon

~In the Unlted States today, the government through the Process
Radzation Development Program of the Atomic Energy Commxssron,xs attempt-‘
ing to provide a productive, balanced effort on radiation processxng in
concert thh that of ptivate industry. The AEC 8 process radiation devel-
opment program is designed and directed toward: |

1. Seeking,origioal radiation reactiooa, thereby establishing a
'substantial.seiehtific foundation leading ultimateiy ro pro-

duction of unique radiation products.
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2; fEstabiishing the technical feasibility of épecific process
radiation systems. ‘
3. Learning to design, constrdct,and operate large kilowatt
radiation processing facilities. | |
~ 4, Finding ﬁéys of cutting radi#tion costs.,
5. Developing large-scale requirements for fissién products and
other radioisqtopés in the proﬁess radiation field. |

The major areas of program work include:

1. ‘Radiation Engineéring - Tﬁese afevstudies devoted téiproblems
of radiafion sourée and facility,ﬁesign, jabriﬁation; and c&n-
‘Struétioﬁ necessary for the support of éenerél and sp§cific .
:radiatibn prdcesses.v |

2. Exploratbry 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 econoﬁic feasibility of those
processes thch show the greatesﬁ and most imﬁediace commercial
promise. |

4. Dosimetry - This comprises studies’necéssary to‘brovidé doSimetfiC~
systeﬁs for eventual pée in a radiation procéss. These systems
can be considered primarily in terms of‘quality control.

During the past year the Atomic Ene:gy'Commission has compieted and

~.aced into operationai use its,Radiation Development Center at Brookhaven

Kuztional Laboratory. This new Laboratory is one of the world's most
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versatile and unique radiation facilities. It will serve as the center

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

héndling and using large radiation sources for processing purposes.

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

ipfeparation cell for building large radiation sources into desired con-

figurations and an experimental cell which will permit mock-up of
process systems to investigate such problems as source geometry, radiae
tion dose distribution, and process radiation utiiization efficiencies.

The Radiation_Developﬁent Center will be capable of handling several

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

expe;ﬁed thaf 600.kil§curies of Cobalt 60 will be assembled andlinstalled,
in the Center for use. We ~ plan to increase the size of the
Cébait 66 sourcg up to 3 million curies. We are also completing fabrica-
tion of‘é 200 kilocurie Cesium 137 source which will be installed in the
Radiation Development Center. As wo:k progressés)other radioisotopgs,
fission products,and machine radiation sources will be studied and com-
pared. |

Research ~ 1in the Radiatioh’Development Center is
intended to provide data leading to a radiation engineering handbook.
Thisihandbook will be published in ité first edition form by 196&,
AJ:‘:it will contain information on basic radiation ph&sics, source
design and faﬁrication, computational procedures, séfety aspects, health
physics; shielding compilat;ons,and economic guidelines.

_ Our purpose,is to encourage use of the Radiation Development

Centerktb‘provide experience in radiation engineering problems, on a



research pérticipation basis, to government and industry scientists as
well as scientists from other countries.

. The Radiation Development Center can thus
serve as the major focal point for radiation develbp@ent in the United
'States.

Within the scope of this paper it is not practical to provide a
comprehenéive'discussion of research and‘deveIOpmént being conducted
under the Atomic Energy Commission'§ process radiaﬁion development pro-
gram,* Thefefore, with the exception of brief identification of overall
process work, discuséion will be‘iimited to those process radiation
systems vhich now appear most promising : for ultimate
development., .

The overall research and development on process radiation iancludes
the following projects: H

| ‘51;~~;;YM:’Studies 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 processes. |

»2,‘,Studies on radiation chemical methods for the preparétion of

fluorinated organic compounds either as an alternative to
classical 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. . ’



61

3.3'Inddced gelation involving tﬁe’incorporation of multifunctional
monbmers into polymers for the purposerf (a) reducing the
radiation dose required for attaining incipient gelation and

 high gel contents and (b) inducing the radiation pfosslinking’

- of polymers that normally are degraded upon irradiation. = Cross-
linking upgrades the properties of polymers by increasing the
molecular weight (viscosity), melting temperature,and tensile
strength,,while decreasing solubilify and elongacioﬁ.

4."InveStigation of radiation-induced reactions in swollen polymers,

_natural and syﬁthetic, to produce novel polymers which appérently
cannot be produced by other means. |

5. }Development of technology leading to the preparatipn of novel

~and useful‘polymers of controlled structure by fadiation—

‘induced graft polymerization. 4 The objective is té

- pro§ide an understanding of the mechanismé involved in
radiatiqn—induced graft processes and'to create  specific poly-

,'ﬁe:ic structures of interest to commerce and unique materials
-for aerospace applications.‘A

6. :Radiation-induced gas~phase reactions utilizing Kryptoh 85.

7. Development of a chemical dosiﬁetry system wherein rupture of
the organo-metallig bond occurs proportionately to gamma dosage
and a solar cell dosimeter for highélevel dpsimetry.

~ Several process radiation systems currently under advanced

development within the Atomic‘Energy Commission program:are Qescribed‘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
development. Among the important areas of study are resistance
to decay and insects, dimensional stability, and mechanical
p:operties. By impregnating various woods with monomers and
polymerizing using radiation, a wood-plastic combination results
that exhibits superior ﬁroperties in these aréas. |
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 mounomer systems, characterization of the r::lymer,
and investigation of methods of accelerating the polymerizé-
tion to permit reduction of total radiation dose fequirements.
3. Development of data necessary to control the quantity of
' monomer absorbed by various wood species and examination of
fest specimens, to determine uniformity of polymef loading.
Radiation-produced wood-poiymer coﬁbinations preparéd from a variet:
of woods and monomers exhibit increased compressive strength ani hardnes:s
White pine-polymeﬁhylmethacrylate, for example, which contains 0.6 part
of pblymer per part of base wood hgsAa compressivenstrength at the pro-

portional limit about 40 per cent greater than that of the unmodified wood.
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lAlthough higher polymer loadings do not yield further increaseg in com;

’v-pressiye_strength, the hardness continues ;o increase with increasing
polymer'éon:ent, A loading of 1.55 parts of polymer yields a pine
product having a_hardness (meaqured by ball penetration) 130 per cent
E greater in the axial directionm, 450 per cent gteater in the tangent131
direction, and SQO_pervcept_gréater in the radial direction than
. unquified.white pine. _A sp§¢imen containing\O.?S part ' of polymethyl- '
mgthécrylgte absorbed 40‘g:ams of wéter,when immersed for 20 days
thle a control absorbed ;10 grams. 7

3;rch and»w#ite oakchmbined with polymethylmethgcrylate and poly-
vinylaq:tatg were as much as 200 per cent harder than unmodified'cop.
ttols,énd compressive strength at the proportional limit showed a marked
increase. For example, white oak-polymethylmethacrylate containing 0;25
part; polymer was 507% stronger than ;he{unmodifiedrcontrol.

Invgenetal, wqod-piastic cqmbinaciops exhibit_increased,hérdneqé
and compression strength gn& absorb water more.élowly,thereby ieducing
changes in dimen#ion due to vary;ng enyironﬁentaf'?onditionsf-. |

i m"Incqtpotatiop of a rigid, 6nyie1d1ng material
into the wood sﬁructurei can be expected to increase brittleness.
Qualita;ive observatioﬂ indicates that this 18 +true in many of the
wood-plastic combinations preparedmff:ii“  The testing program is
being extended to include measurement of this property.

‘The rates of radiation polymerization of several monomers_imptegv

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

polymerization has been determined in some cases. Forigxample, a dose -
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of 6 x 106 rads, applied at the rate of 1.3.x 1057rads/hr; was found to
effect complete polymerization of methyl metharcylate in white pine.
Various additives are being tested to decrease ﬁhe total dose_requireA
ments. Carbon tetrachloride allows a considerable decrease in dose when
used at concentrations of 10% in styrene and methyl methacrylate. Addi-.
tives also receiving attention include ethylene'glyooi.diﬁethacrylate, .}

polyethylene glycol dimethacrylate, tetraisqpropyl titanate, and

dlvinyl benzene. Density measurements provide a rapid and accurate nmethod

for determining the concentration of polymer formed.in the wood. The im-
pregnation conditions necessary to obtain desired-loadihgs'of polymer in
various wood species are being studied. .Reasonaolysgood cont:ol.can'be .
obtained by properly specifying the vacuum pretreatment aﬁd the ‘length of
soaking time. | | |

Future work will include:

1. Characterization of the physical propertles of add1t10nal wood-
plastic combinations. The testing program will be expanded to.
include sheg; strength, static bending, toughness, and, if -
possible, decay and insect resistance.

2. Development of additional data on radlation polymerization rates
of additives intended to decrease dose requlrements.

3. ©Specification of conditions necessary to effecﬁ theidesired
extent of impregnation of selected speoies of wood.

Hydrogenation of Coal

+ Conversion of coal to gasoline and 0il products by an economically

competitive process would open up a vast new market for the coal
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industry. Technically, such conversidn can be aeqomplishgd by hydrogena-‘
tion of coal. One way this is done involves coal extraction to obtain a
méltable organic fraétion (80-85% of coal), followed by hydrogenaﬁion

| over conventional contact catalysts at high hydrogen pressure and ele-
vated temperature, to yield the oil products.

A serious expense in the present technology is réplenishment and
regeneration of the contact catalysts used for‘hydrogehation. The cata-
lyst is inactivated by metallic "poisons" in the extract and under some
conditions by carbon laydown. ‘Since radistion cannot be dihinished by
the above factors, rédiation catalysis of the hydrogenétionvstep provides f
sufficient merit to warrant specific inveétigation.'xAccordingly, a'fuil
research program has been established. | |

In this research a 90-curie Sr® source is used inside a 10,000-psi
500°C heavy steel-walled ieactioﬁ vessel. Pure beta-emitting radioiso-
topes are preferred over gamma emitters to obtain'gobd abéérptibn effi-
ciency in the reaction vessel. ?he radiation source ﬁas'specially déf_
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 proceésing unit
is operated on batches,with the feed (usually melted extract-ﬁetfalin
solutions) pumped into the reaction vessel; held at 5000 psi hydrogen -
pressure at 380-430°C, followed by'drainage'qf the 1iquid products from
the vessel. Appropriéte-safety precautions such as'thé contaminant

cell, barricades, and remote radiation monitoring are used.
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Ten radiation processing test runs‘have been completed so far;‘as
have comparative nonradiative runs, The residence time for the reac-
tions was 1 hr, with a dose rate of 0.98 Mrad/hr. Results onAthe coal
extraét from two runs appear in Table VI.

The first row of data shows the conversion yields and hydrogena-
tion (7-39% H in feed, raised to 10.37% in products) obtainable with a
fresh contéct catalyst. The last columm shows that hydrogen addition is
less ;n runs with radiation than without any catalyst at all. This may
be due in part to inefficient mixing with the radiation source in the
vessel. - In any case, hydrogen addition is not aécelerated by rediation
in all the runs made. Despite this, the yield of desirable oils in the
| boiling range 100-400°C, is seen to be somewhat higher for the last fadiaa
tion run shown, than for the .noncatalyzed, thermel reaction run. The
yield of 250-400°C oil seems definitely higher. 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 250-400°C oil without muéh hydrogenation. The third setvof data
in Table VI shows that hydrogen gas saturation diminished the yield of
250-4000C o0il, so that the yield in the last run may also be partially
due to lesé 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 rediation-
induced hydrogenation in the liquid‘phase in excess of that obtained by

thermal reaction at 429°C. No tetralin was present in these runs.
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Liquid phase hydrogenation of pure aromatic model compounds is not

}measurab1y>promoted in excess of the thermal reaction at elevated

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

moted by radiation alone. However, some increase in production of

desirable oils from coal extract was observed when radiation was used

- and when the reactants were not saturated with H, gas. Since the lack-

of dissolved H, may also have affected this "cracking’ oil yield favor-

2
ably, additional experiments are needed to isolate the effect of radia-
tion alone. Then a more exact ' conclusion can be made about the
specific bgﬁefit 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.

'cﬁ Transmutation Doping of Semi«Condgpﬁor Devices;LD

C A1l semi-conductor devices, e.g., transistors, diodés, microe1ectronic
circuits, consist of electronically active impurities (denoted N or P
type, depen&ihg on whether they contribute Negative electrons or‘gpsitive
holes) deposited within a semi-conductor crystal in pétterns of various
degrees of spatial complexity, The conventional fabrication processes
diffuse these impurities into the crystal from the ?utéideo

In neutron transmutation doping these electrqnically active impurities
are insertedAinto thé semi-conductor crystal in a spatial pattern by means

of neutron irradiation. A nuclear transmutation reactionfé@puré ' in

[
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- ﬁhicn a semi-conductor nucleus‘(dermaninm‘70l forvennmole)‘absorbs‘a‘
neutron and is transmnted to a new nucleus (e.g., Gallium 71, a P type
‘dopant in germanium) which is electronically active in the semi-conductor..
The spatial pattern of this impurity depositioneis~controlled by com-
‘pletely,enclosing'the’semiecondnctor'nitnin a‘"radiation:die."’ TniS"
_"radiation die":is a thin box~1ike.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 in a , geometry determinedb
by the slit arrangement. " The work on this project consists of the detailed
- development of the technology of the neutron transmutation doping process,
an experimental proof of the principle, and the application of this techf-
nology in semi~conductor device fabrication.r | |

| The analyses performed to date indicate that a variety of simple and
'complex devicea, including-many with unusual performance characteristics,'
can be.fabricated at reasonablebcostkby this proceSs.l These include
diodes, transistors, microelectronic circuits, solar cells, and thermo-
'electrlc elements. ’,-n . Doped configurations of unusual and useful

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

The "radiation die" can be ~made 'fﬁ at low cost and with con-
eiderable flexibility when cadmium ia used."Silicon carbide‘devices,
which cannot be doped by conventional methode,can be prepared by nentron,
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-

1stics are measured before irradiation and suitable surface treatment
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and passivation performed. After irradiation, the specimens

.,hxdécay" {for about two months) until their activation is negligible.

They are then annealed to remove gamma radiation dosage effects. Disloca~
tion density is measured by mi;roscopic examination of surface etching
effects, both before and after annealing. The specimens are then tested “
for resistiyi;y and for their device performdnce characteristics, to.
determiﬂel ifi;w“:the predicted device‘performance can be pbtainedy

o

Devices to be fabricared‘include'diodgsgctransistors, solar

-cell elements, and microelectronic circuits of germanium and silicon.

Analyses and calculations have = been performed to determine
the effects of '"radiation die" parameters, slit geometry, neutron flux

lovels, and reactor location parameters on the characteristics of the

cevice produced.  Neutron irradistion will be carried o.. in the Oak .

[..dge Résearch Reactor. - . : Work is
jow in progress on the fabrication of the “radiation dies," the ir?adiéf «
tion assembly, and specimen preparation°

The principal fesults to date are-

1. Design data'h;é been developed for predicting the device
characteristics from the process parameters, e.g., ''radiation
die" and slit characéeristics and neutron flux ievels.

2, Data on fabrication methods{for the '"radiation die" a% been
obtained. Both boron and cadmium can be suitably fabricated
into "radiation dies" with the required characteristics.

" Cadmium is pafticularly conﬁenient'since it is easy to
fabficaté; and its poorer epithermal shielding character-

istics can be circumvented by appropriate design.
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3. Heat transfer experiments have shown that the semi—cénductor
temperature can be held below 25000 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 deviqes
(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 potential 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 concernéd with measurement ofvthe
reéetion 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 témperature from -78°C
to L0°C. Polymerization takes place in the liquid phase at -78°C at a
vvery low rate. In the gas phase, at 20° 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 determined. The experi-

ments indicate that the effect of the presence of polymer on the polymeri-

zation rate is smaller than the effect of oxygen and ethylene pressure.
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The differential G values’base& on monome:s'alone, were detemnined,
and attempts were made at expressing these values as a function of
ethylene pressure and radiation intensity. In the range of 80 to 350
atm and 21,000 to 132,000 rad/hr, the rate is proportional to the 0.93
to 1.13 power of the pressure, and to the 0.33 to 0;&6 power of the
 intensity in the falling pressure period. At 133,000 rad/hr a minimum
differential G valué of 15,000 wus‘obtained. At 21,000 rad/hr a maxi-
-mum 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 and the rate by a factor of 1.6 to 1.9, indicating a surface
effect. |
All thgvpolymer produced in this work by gas phase radiolysis was
~ ‘a fine white powder o - In the homogeneous experiments the
- entire vessel was filled with polymer. The polymer could be removed
- from the vessel in a coherept,mass and had various bulk densities depend-
ing 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. vﬁowever;[ii?:;?v * qualitative effects can
‘be obtained,
'7 1, The dénsity measurements, falling in the range 0.93-0.94 g/cc,
| indicate a medium density polymer. Annealed measurements show
'valueg of about10.95 g/cc. Amorphous polymer has a density

of 0.86 and fully crystalline ma;erial, 0.99 g/cc.
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The reduced viscosity measurements indicate that the molecular
weight increases with decreasing total dose. The

average molecular weight for poiymers-formed up to 250 atm falls
in ﬁhé‘range 80;000uto 300,060. ~Forvthe liquid pﬁ#se poly- -
mer, the intrinsic viscosity measurements indicate that the

material is of low molecular weight.

" The addition of afgon decreases the molecular weight.

The degree of branching,indicated by the number of methyl groups.: 
per thousand carbon atoms, decreases with increasing pressure,
decredsing dose rate, and decreasing total dose. The range of
values foi initial pressure of 650 atm 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 decalin, and indicate

less than one crpsslink per mplecule., It appears that the

solid polymer contains residual radical species, which result
in crosslinking on heating. ,Exposure of fhe unreacted radicals
to the atmosphere, on the ofhef hand, can éause termlnatién of
radicals due to oxidatién. |

The melt flow and melt index indicate the pfocessibility of the
polymer. The ?adiation-produced polymer has a lower melt flow
index and a higﬁet melt index than the low-density polymer. The

melt index for conventional high-pressure polyethylene is of




PR

: the ordef of 1.7 and the meit flow for high m&léiﬁg is about
50 to 60. | o |

7. The material has -a high crystalline melting point.

- 8. The decalin soluble non-crosslihked polymer could be made

into a pliable film by hot pressing.

9. Low melt flow index, low branching, ana non-crosslinked material
-are indicative of‘a higher molecular §eight lihéar pnlyﬁgr, Thé

type of polymer produced is dependent on combined conditions of

temperature, pressure, intensity, and total dose.

Further characterization and evaluation of the polymer await experi-.

ments at constant pressure, both in static and in flowing systems. Work

is continuing to determine the qﬁantiié%iﬁg;effectVof_ﬁggvvarious‘parametéfé

i

on the rate of polymerization. -~ |

Textile Modification ,

—_2

(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 researéh have shown that the most promising field
for commercial application is in the area of fiber mddification by
radiation-induced graft copolymerization. Means of overcoming fiber
deficiencies and thus producing materials of more functionallor
aesthetic value by this procedure‘ are being investigated.

. New uses for old fibers will be found and
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Tibers 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
£o exposure to 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, and polypro-
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 necessarybfor the grafting of éll these monomers to the cellulosics
and the polyamides except the cellulose esteré 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-
cregsed with increased monémer content; oxygen had an inhibiting effect,
presumably by acting .as a scavenger for free radicals; 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
dfter grafting with four different levels of the four vinyl monomers men-

cpoint,
tioned. Stress-strain properties, moisture regain, solubility, softeninéj\




15

and weather resistance of a few selected materials were detérmined. The
cellulose ester grafted with acrylonitrile behaved somewhat differently
than the other fiber types. Its breaking strength was unchanged as a re-‘
sult of grafting, buﬁ the elongation of the fiber decreased. This resulted
in an increase in modulus, Moreover, the yield point was increased as
the émouﬁt of graft copolyﬁerization increésed. The overall data in-
dicated that cellulose esters were crosslinked as well aé grafted by
acrylonitrile. Generally speaking, the other fiber types showed & slight
‘deteiioration in physical prqperties when gfafted7with the different
monomers, although in no case was the deterioration severe. The moisture
regain of all fiber types with all monomers was decréaséd. Tﬁe éolu-,
bility 6f the'grafted materials depended on fhe monomer used.‘ The~addi-
tion of acrylonitrile tended to insoldbiliﬁe all fiber types in theif.‘
common solvents. Greater solubilities were generally obtained when ethyl
acrylate was used.as‘the monomer. There was a level of g?afting for each
monocmer on each fiber type that resulted'in insolubility;v The addition
of the monomers to the.thermoplasticbfibers failed to incfease'their
softening or melting point except in the case of acrylonitrile. The addi-
tion of this monomer to a cellulose ester and to polypropylene gave &
material that charred without melting. Cotton graftea 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 kineties and diffusion for the vapor-phase technique

~on grafting acrylonitrile to cellulose acetate; nylon, poiypropylene,and
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polyestér fibers. The kinetics of polymerization and the rate of dif—
fusion of monomer both play a vefy-significant part in this process,
and accurate'data are necessary ﬁor the optimum design pf graft-poly-v
merization processes. Reaction velocity conétants were determined for
propagation, termipétion, and reaction with oxygen. The diffuéion of
acrylonitrihamoﬁomer did not obey & 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-
puter techniques. - The evaluation of important textile fiber prqpertiés
will be continued. Some preliminary work has indiéafed the possibility
that cotton cellulose might be made more dimensionally stable by‘the use

of a radiation process.

Radiation Pasteurization of Foods
| Research on radiation preservation éf foo@ is béing carried out
in many countries including the United States and Japan as well as a
- number of countfies throughout Europe. lMajor developments have been
achieved during the past year contributing to the steady advance on
radiation preservation of foods technolosy. Potatoes irradiated to
10,000 rads for control of sPrbuting have been appfoved for humén
consumption in Canada. Last fall mofe ﬁhan a million'pdunds of potatoes
were irradiated in Canada as part of a field "test" program to establish
better poﬁato response‘to radiation treatment, process and storage
conditions, and economic and consumer acceptance. The Russian Ministry
of Public Health has reportedly authorized the use of ifradiated potatoes
by consumers, and an experimental proddctiqn facility to irradiate.up

to 25 toﬁs of potatoes per year is planned.
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In the United States. radiaﬁxon-sterilized bacon was approved for
‘human consumption by the Food and Drug Administration in February, 1963.
Lo A formal petition for clearance of wheat and wheat products
treated with radiation for disinfestation purposes has been submitted
- to the Food and Drug Administration t;;;;;;mwmﬂww

The U. S. Army Radiation Laboratory, Natick, Massachusetts, was

_completed in 1962 and® used ~ for studies on radia-

tion sterilization of food products important to the military‘establish-
ment. The faciiity was designéd and constructed by the Atomic Energy
Commission for the Department §f Army. The Laboratorf contains the
world's largest»CQBalt.60vradiation sources of approximately 1.3 million
| curies; € high:energy 24 Mev 18-kw linear accelerator, and a complete
food'prepafation area. | |
fhe;iiar' Atomic Energy Comﬁission research program on radfation
pasteurization of foods aims at developing the technology for providing
‘ fresh-1ike fish and ffuits’faf from ﬁarQesc areas, thereby opening up
‘new markets for these pro&ucts. Rglgtively low radiation doses (less
than 500 kilorads) are being used to inhibit bacterial growth fo; periods

N M'  ranging from days up to several weeks>uhder normal refrigerated
distribution and storage.conditions for perishable foods. The low-dose
radiation érocessing bf 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 déstroy bacteria and

permit food storagé without refrigeration for months.

et g
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The AEC research and development program is limited to selected

- fruit and figheries products and emphasizes factors such as storage

and sheif-life extension, treatment variables including radiation
'dosage;_quélity including organoleptic effects, wholesomeness, and
packaging materials studigsok In addition, continuing consideration is
being given to marketing and conéumer acceptance studies, The selected

food items under study are:

Fruit, étrawberries, citrus, peaches, gra;;s, pears, cherries, and
tomatoes, (Preliminary experimentg have been carried out
on figs, pineapples, papayas, asparagus, and nectarines.)

Fish: 'haddock fillets, soft-shelled clam meats, ‘Pacific crab

| meat, Petrale sole fillets, and shrimp. Recent work has
been initiated on cod, pollaék, and ocean. perch; however,
results are not available for reporting  at this time.

e  ‘Radiation for control of sprout inhibition, disinfesta-

‘tion of gréin,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
pasteu&ization technology and for ultimate commercialization of the
_process. | |

Progress on specific fruit products: i

‘1. .Strawﬁerries:_ The,émount 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 is altered less than that of other
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'tvfruits. This derives in part from the fact that straw-

berries, 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. Cplor; aroma, and texture
are-_significanﬁly different in irradiated fruits, but are

not objectionable to the taste, - Ascorbic acid levels in

- irradiated strawberries are not altered by a nutritionally

significant amount.

Lemons: Severe injury symptoms were found in irradiated

- lemons when the fruit was stored for periods of a month or

3.

more. Air pockets develop in the fruits’adjacent to the lobe

membranes. Ascorbic acid content declines by 50 per cent in
fruits subjected to 200 kilorads and the "buttons" are
destroyed, making the fruit very susceptible to Alternaria
citri, |

Orgnges: 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' storage, this

. acceptable. |

changed flavor is

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

R SRR
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"of 70 to 85 per cent at 200 kilorads.

5. Grapes: White varieties of grapes are more susceptible to
adverse radiation effects than are red varieties. - Maturity
ofvfruit has a profound effept oﬂ its response to radiation.

- As the fruit becomes riper, #he adverse effects of radiation
«  are less. ’The Thompson Segdless variety shows moderate to

severe textural changes at doses which may prove effective

against 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 as low as 100 kilorads, and

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, f:uits irradiated %t 250 kilorads and
higher soften more slowly than the control lots; Fruits sub-
ripaning .

jected to rips inhib;ting levels of radiation in air, are "mealy"
when ripe and do not ﬂévelop full,yellow color. Irradiated
fruits respond more slowly to»ethylene treatment than do con-
trol fruits.

when pears were irradiated in a'nitrogen atmosphere, their
color development, textufe; and flavor were more nearly normal,
indicating that the advetse effects noted above may be an in-

direct effect of high ozone concentration in the fruits rather

than an effect of radiation per se.

o4
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There is a spurt of ethylene production by 1rradiated pear

fruits immediately after treatmenf. Thereaftef, 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, suggesting that with this species there

may be a very narrow range of doges between adverse and non-

harmful effects on ripening by irradia;ion.A

7. Sweet Cherries: Cherries have been ;studied in radiation

. _physiology for = the pastvthree years. During this
" time casual observation and tasting of the fruit have given
promise that these fruits can wellxtolera;e radiation doses.
up to 250 kilorads. It is also reasonable to assume that sﬁch
a dose would result«ih an important extension of the post-
harvest life,

8. ITomatoes: No retardation of ripening has been found at doses
below 200 kilorads. Doses‘betwéen 200 and 400 kilorads retarded.
ripening and decay development, but this range of dosage gave
an undesirable effect on flavor.

9., Figs: Mission figs seem to respond favorably to radiation.
While no inoculations were made, irradiated fruit showed much

‘_ less decay than did control lots. There were no apparent ill
effects of doses as high aszOO kilorads. '

10. Pineapples: Tﬁese 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 slightly iﬁproved over that of control fruits.
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Papavas: . 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 flayor.

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 adverse effects on

- qualitf of the product at doses as high as 150 kilorads.

-

Progress on specific fisheries products:

1.

Haddock Fillets and Sof;-shé;led Clam Meat: Research results

show conclusively that at the optimum radiation dose levels of

250,000 and 450,000 rads, respectivély, haddock fillets and

N

soft-shelled clam meats can be kept satisfactorily for 30

days at 33°F. At these bptimum dosage levels no noticeable

"irradiation" odor is detectable in the products. An increase

'in storage temperatures from 33°F to 42°F decreased shelf life

by about 50%. Results have not yet  demonstrated a difference

in product quality due to use of vacuum or air packaging.

‘Pacific Crabmeat: Radiation pasteurization of Pacific crabmeat

packed in cans increases the storage life at ice 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

3.

of the product remains excellent.

Petrale Sole Fillets: 400 kilorads'appearsto be the optimum radia-

tion dose. A 7-fold extension of shelf 1ife, 5 days to 35 days,

‘ o . . .
was attained at 33 F in the vacuum packed samples. The storage
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life of this product was half as great at 42°F as compared to
33°F. In air-pack samples, processed under the same con-
ditidns, an off-flavor, described as rancid, developed.

Shrimp: The shelf life of radiation-prOCessed shrimp held

v ) ~
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 consxstently better than . those of the

,unirradlated samples.

[

Cooked 1rrad;ated shrimp appear to have excellent keeping-‘,
qualities as shown by bacteriological, chemical,and organo; A
leptié testsf

A valuable finding is that "ﬁlack spot" (a melanosis

resulting from the action of phenol oxidase in shrimp) is

virtually eliminated in radiation-processed products.

SH Design and Fabrication of Irradiation Facilities.

(Egzzgﬁ;;;;;;ch 1;;;d1ators have been com-
pleted. Each utilizes apyrqximately 30,000 curies of Cobalt 60
with a specific activity ranging from 7.¢uries‘per gram to 18
curies per gram.' These irradiators are designed with a built-
in flexibility to permit the performance of irradiations under
various types of atmospheres, as well as under a temperature
variation from 10 - 150°F. The gamma flux for each has
been measured to be about 2.5 x 10S rad/hour, and the irradia-
tion chamber is capable of handlmng a package measuring

14" X 18" X 6"
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Transportable irradiators are designed for use in semiproduction-
scalé acceptability, storage,and

shipping tests. The transportable irradiator provides a

~ radiation processihg capability close ﬁo the harvest areas

'}'as well as data on process

parameters and economics.

Design concepts for twofji '1_ ~ transportable _
‘{rradiators have been completed., One ' will
~ use é 100-kilo§urie Cobalt 60 radiation source and the other,a
'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 Development frradiator,is

designed to demonstrate the technical énd economic feasibility
of radiation pasteurization of fishery products on ainear~
commercial scale. It will use a 235,000~Eilocurie Cobalt 60
source and will have a production rate of 1,000 1b per hour
at 500 kilorads. The faciliéy will be located at Gloucester,
Massachusetts, which is the éenter of the east coast fish-
packing industry in the United States. The facility'will be

operated for the Atomic Energy Commission by the Depart=-
| ment of the Interior, Bureéﬁvof‘Commercial Fisheries. Con- -
struction on éﬁe Marine Producfs Development Irradiator will
begin this summer and iﬁ is expected to be completed in July

2

1964.
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Radioisotope Technology Developments

This phase of the Isctopes Deﬁelopment Program is:concerned with
creatiﬁg new and improved technology leading to beneficiagl appl;cations’
in aresas suCh as water explofation and management, atmospheric,pbllution,
meterology, océanography, and crime detection. Research and dévelopﬁent
are being carried out on problems involving neutron activation analysis,
radiometric ahalysis, low-level process control, :adiation absorptiometry,
ionization technology, non-destructive testing, and igsotope measurement
systems. Emphasis in the résearch 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 iﬁportanf contributions have been made in each of the above-
mentioned areaé, discussion will be limited to work of most timely

interest and significance.

Neutron Activation Analysis. Neutron activation has moved out of
the research laboratory into broad application throughoﬁt science and
industry in the United States. Some 25 private organizations now‘offér
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 ﬁeutron
generators, multichannel analyzers, and detectors, continues to
accelerate. . The rapid developments in instrumentation have opened
up new areas for the investigator, especially in the utilization

of fast neutron reactions. 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 brad 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 systems 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, including analysis of environments in space and in

oceanography.

l. Analysis of the Lunar Surface - The Atomic Energy Commission

and. the National Aeronautics and Space Administration ére

jointly sponsoring é program.to develop abworkable, remote,
aeﬁivation analysis technique for elemental analysis of the
moon's surface. It is planned that a neutron source and detector
will be included as part of the instrument package of a scien-
tific lunar landing mission. A small area of the moon's sur-
fact will 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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"systeﬁ which will identify the major chemical elements in’the ,
moon surface sample. | o

" A working ;ystem has been operated successfuilj under
simulated remote cénditions. The activator is a neufron'
tube which produces a flux of 5 x 108:neu£rons/cm2/sec at the
' target located at a distance of agoutyo.l in. . from the end
of the acceierator unit.‘ Thisvflux.is barely adequate and a
more powerfhl source is being considered. The déﬁector unit
is a 3" x 3" NaI (T1) scin;illatibn cfystal; photomultiplier‘
tube, a pre-amp, and a lead collimator. The control unit
powers the accelerator, controls pressure automaticélly,'and
programs the analysis s#quencé. This iﬁvolves’agtivation by
the neutron source for SIhinuteé, rotation of the assembly to .
- place the detector over the activated sample‘for'ld minutes, -
- and transmission of the dafa signals to the earth-aﬁationed |
multichannel analyzer.

'Tests have been conducted with simulated moon matrices,
using a mixture of aluminum oxide (A1263), ferric oxide
(Fezojo), magnesium oxide (Mgo); and silicon dioxide (SiOj).
fhe gamma radiation was analyzed with a 400~¢hanné1 ﬁranb
sistorized analyzer, and photopeak coqnts for the variou#

" components were taken from a.plot‘of channel number versus

éctivity. Spectrum-stripping techﬁiques 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 gammé analyzer, on command from the

~ moon prohe. This analyzer is a development of the Mark I;

previously reported at this Conference in 1961. Advances in

"Mark II include faster operation by direct coupling of com-

puter tape, elimination of some interfering eléments by a
""dynamic subtract' ,unit, and improved resolution of gamma peaks.

Shipbpard Neutron Activation Analyzer - The shipboard analyzer

performs ~_rapid elemental analysis on core samples
of the ocean floor on the vessel as they are collected. This
aids effective explorationvby making it possible for the ship
to modify its survey pattern‘in accordance with the trends
indicated by the data.

The unit was develbped in conjunction with Lamont
Géological Laboratorf of Coiumbia University. The special
ﬁeutron source is a small, rugged. - (d,T) neutron generafdr
which emit8,108 neutrons/second. 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 cutting the :core. A‘shielded

3" x 3" Nal (T1) scintillation crystal isrused:to observe the
activity induced in the core and the gamma spectrum is anafyzed
in a 400-channel analyzer. TheAanalysis of cores for their

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 fadicactivities;
The activation conditions are: 10 min for ccre irrédiation,'l_min for
transfer of the core to the detector, and 10 miﬁ for meaeﬁrement of
the induced activity. Analyses of standard saﬁples.have indicated
the following sensitivities, in mg/cm’: AL and Si, 0.3; Mg, 1.6; Na,

2.2; Fe,'j.8.

‘Coal Analysis and Grading - In cooperation with<research‘groups of

the coal industry,-the Atomic Energy Commission ié éponsoring'inves-
tigations.into the feasibility of using activation enalysis to con-
tinuously measure ﬁhe Btu and ash content of ccal, Byithe use'of'
activation-analysis'using a neutron generator emitting 14.5-Mev neu-
trons combined with the releted techniqueé of inelastic scatter and
capture gamma -~ ray analysis, it appears to be poss1ble to analyze for
the elements that determine the Btu value of coal, i.e. C N, O and
H; the water content; the sulfur content, and ash The data for the
several quantities are fed into a computer for automatlc calculatlon
of the Btu. It is anticipated that such units can be insfalled'at .
conveyor belt lines’carrying the finished coal; >These can be coupled
to automatic sortlng equipment.

. Carbon content is determined to an estimated. accuracy of ¥1% using

© . inelastic’ : scattering of fast neutrons. Oxygen content is deter-

mined to ¥2.5% using neutron activation analysis. The ash!constituents,

Si, Al,(and Fe, are determined by activation to within about tS%.

-Methods for S, N, and H are under development.

Automated Activation Analysis in Metabolic and Environmental Studies -
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Determination of the.role of trate elements in metabolism and its
correlétion with the incidence of disease and existent chronic de-
ficieney conditions is of major interest to medical fesearch in the
United States. The analytical problem in this research is one of tre-
mendous scope inasmuch as a serious study should inélude gnalysis for
several elements = in sufficient samplesvto investigate‘statistically
the major environments across the nation and to‘eétablish the tracé
element content of all the life-sustaining portions‘of these indivi-
- dual enviromments. - This includes. the atm0spheré, the drinking water,
and the food supply. Ideally, seasonal changes should also bé 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-
ténsively. Clearly, such aAprogram 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 elemehts and usually to specific geographic
areas where the effect of a particuiar.défiCiency Oor excess was con-
spicuously apparent. Studies of fluoride effect on teeth and toxic
selenium effects are examples.

Neutron activation has provided the first general analytical
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 Health and the Atdmic Energy Commission. Elements
selected for initial studies are silica, selenium, andktellurium.

The neutron activation technique  is particularly advantageous for
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determination of selenium. This is a difficult analysis by classical
methods, involving‘considérable risk of losing.seleﬁium in the ashing
process. The selenium activation technique is.npndestruqtivé; rapid,
and sufficiently sensitive. | |

Activation Analysis in. Law Enforcement - Activation‘analysisfis par-

ticularly suited to the chemical analysis of.material‘evidence'taken_;
in law.enforcement investigations beqaﬁseuit is.nondesﬁructive and
the sensitivity is adequate. The Atomic Energy'Commissioﬁkhas beén‘
conducting extensive studies in this area, both at-its Oék'Ridge
National Laboratory and at private laboratorieé.' Much 6f‘thevwork '
at Oak Ridge National Laboratory has beenbconducted;in close consul-
tation with the U.S. Dept. of the ’I‘re_a'sury.. >It_,has vinciuded- such
diverse problems as ideﬁtification of automoﬁile ﬁaint, sodt, dfugs,

soil samples, hair, and fingernails.

Compendium of Activation Analysis -~Under-the‘AEC:progrém,continuing'f
attention has been given to ﬁroviding_a étandardbféference éampila-
tion of information on neutron activation énalysisf -The,publiéatiénv
of standard reference atlases of gamma speétra has been‘cqﬁpleted.

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 thé_pertinénce'of
activation to hig particular problem;(with the standard specﬁra
aflases), and most of the information needed'to'begih‘work in
activation analysis.

While the procedures detailed in such a reference are quickly
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outdated, the modification or amplification of the basic material is
much slower. Supplements will report significant developments as
they achieve the status appropriate for inclusion in a reference work.

High-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 Bﬁreau 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 1s a forward-scatter gas-density gage‘using a 10-mc
gaseous Kr85 source. It has been flight-tested under Air Force sﬁpervi—
sion. Use of the forwafd;scatter geometry, whiéh giveé a better signal-
to-noise ratio than backscatter geometry,‘ahd a 1lh-in. gap between source
and detector, provides sensitivity for measurement in the extremely rari-
fied atmosphere up to 140,000 ft. The averagé error in the interval_ffom
;L5,000 to'lh0,000 ft appears to be ﬁ0.0S%. The inétrument‘containé two
scintillation:detectors (one to measure and subtract backgfound), a
béttery high-voltage supply, two amplifiers, a difference circuit,band

radio transmitter.

Deep-water Isotopic Curfént 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 cgrrents in the range 0.0l-i knot. Now,
for the first time, such a method has been developed, based on an iso-
topic principle, | |

The principle of the isotopic technique depends on injection of a

radioisotope into a moving water environment and measuring drift as the
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radioactivity passes a defector.‘»in this system afgeries‘éfplé detectors
is arranged in a wagon-wheel coq:figurationrwifh akdiameper.of 2 ft.
The detectors completely encompass a radioisofdﬁe injectioﬁ,mechanism
located in the center of the configuration so that any release,pf actif
vity will be seen by‘the‘detector system. After thé_radioisotoﬁe.is
injected, the.direption and rate are determined by'time 6f arrival of the
radioactivity at a particular detector in”the configﬁrétidn.

The isdtope method is far superior to previouslyxavailable tech-
niques for determining current direction and flow_rafes; |

The greatest advantage of this new system is'that there éfe no
moving parts to impose friction drag on the s&stém>as OCcﬁrs in the case
of‘a rotor mounted én a sapphire bearing. No maﬁter‘how well a rotative
éup is designed, there will always.be a certain émount’of friction,
while with the isotope methdd the actual drift‘df the current ié the
mechanism by which the radioactive material is transp§rt¢d.and recorded.

The first field tests of this inétrument Wefe ﬁadé on Dec.]h.and'lB,
1961, in Round Bay, Md., in 19 ft of water. The instruménp was,pléced _.
13 inf off the bottom,aﬁd meaéurementS'were made with Ililﬂ Thé‘tests
began at 5:00 p.m. on Dec.‘lh and ran until 3:00 p.m. oﬁ the iSth; |
During these 22 hr, measurements were made at intervals of from 6 to
QO‘min.

A éécond series of field tests 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. 1In this figure direction is given by the ﬁpper

curve; note that more than one full turn of the compass is plotted.
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Current speed is indicated by the lower curve. Current directions are .

indicated on the left—hénd axis and speeds on the right-hand axis.
Between 5:00 p.m. and 10:00 p.m. on the 1hth, the current direction
rotated in a clockwise fashion through 3600. For the next 10 hr, the
current direction remained ﬁpstream, about 3400, However, starting
about 8:00 é.m. on the 15th, the current direction again madela cdﬁplete
clockwise turn about the}compass in épproximately15 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 indicaﬁe a
correlation of the movement with flood_aﬁd ebb tide, which was preaicted
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 attempt to log currents

with velocities as low as 0.01 knot.
The ingtrument has been modernized with compuﬁer-logic»circuits
to make it completely automatic. The instrument consisﬁs of the fol-
lowing units: (l) an electronic servo-injector control system which
autométicaily adjusts the: amount ofbradioactivity;injected at the start
of current velocity measurements and makes the necessary corrections, in
situ, whén the velocity increases or decreases; (2) an automatic digital
converter system that priﬁts out the following infonnafion: date and time
of ﬁeasurement, drift time of injected activity, and the number of the
| detectors that observed the activity (i.e., directidn); and (3) an
automatic program control system which determines the intervals of measure-’

ment. This, of course, dependé on the velocity of the current being
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measured. The present design of the DWICA can meésure velocities in the
range 0.001-10 knots, and has been used by the Chesapeake Bay Institute
to collect data on summer and w1nter cycles in Chesapeake Bay. ‘The '
lower limit of the.instrument is dgtermined by mo;ecularfdiffusion‘of fhe
radioactive material in still water.

The iﬁstrument isvbeing redesigned and~pressuriz¢§ to measure'ocean ‘
cﬁrrents at 6000-ft depfhs. The new instrﬁmenf will includejmany of thé,
above-mentionedvfeaturés;'as well as severai'additional‘ones,‘i.e.:.(l)

a compass for proper orientation at great depths;-(Q)’a uhit‘that cénv
generate ité own radioisotopes in sifu. The generator'will peruéé

i ndiwn-116 by activation of an indium s,olution ‘wi’ch ten l-fcﬁx_-ie Am2HL.
Be neutron sources w1th a flux of 1 x 106 n/cme.sec.l» |

- The flrst fleld test of the rede51gned 1nstrument is scheduled for
August,l963, and w1ll be conductgd‘ln cooPeratlon w1thgthe-U.S. Navy
Oceanogréphic Office.‘ | A -

New Improvéd Tritiation Method for_Highémoleéularéweight'Organié

Comﬁounds. High-molecular-Weight'hydroca:bons are'hdw'successfully
-labeled by a new tritium reagent. This ﬂew~ﬁechniqu¢ produges labeled 
compounds of a highér SPebific activity than produced,ﬁy'fhé radiation-
.induced,seif—labeling method of Wilzbach. Tt is faster and cieénef and
requires léss initial tritium.t§ pfbduce a pfoduét,df hiéher specific °
activity. The principle of this new technique ié baééd on thé hydrogén-'
tritium exchange brought about in the presence of g.tritiated acid catalyst.
| The tfitiating reagent is a compiex of ﬁrifiated phﬁsphoric acid
and boron trifluoride. It normally has the formula THQ?O&.BF3,>i.e;

ﬁhe 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 begt illustrated in Table VII, which compares
this newvtechnique and the standard radiation-induced éelf-labeling one.

Many advantages are seen from the compariscn. Experimental studies
of radiochemical purify'and tritium activity in the trgcerS'show‘that
the THpPOL.BF3 reagent produces novhighly tagged side products, thus ob- -
viating'eXteﬁsive purification‘as required in the radiation-induced method.
The method is'raﬁid, and pure, usable traceré are often preparea in a
few hours as compared té days by the Wilzbach method. High-specific-
activiﬁy compounds, up to curies per gram, can be produced when desired
by starting with a large fritium content in the reagent. Table VIII
shows‘the theoretical limit reached in a 6-hr teét ét 230C.

As seen in Table VIII, labeling takes place on contact under am-
bient conditions and causes tritium to exchange readily with hydrbgen
atoms on all aromatic positions and on'teftiary carbon atoms; there is
no labeling on ﬁonbranched aliphatic carbon atoms.

Kryptonates as Universal Radioactive Indicators

"

Development of a general, or "universal," radioactive indicator

technique, called "kryptonate,”

which was first‘reported at this Con-
ference in 1961, has been completely successful. Kr&pton gas containiﬁg
5% of-the radiocactive isotoperis incorporated into the éubstance by
either bombardment with ionized krypton or diffusion under high tempera-
ture and pressure. The ionization procedure, which was originally
favored, is now used oﬁly for selected substanées.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 650°C and pressures to
5,000 psi. Severalvhours to three days are required. The satura-
‘tion activity that can be attaiqéd is a function éf the structure
_of thé‘compound.“ Substances with numerous interstices-of the
' prope;‘dimegsions to contain thevk:yPCOn atoﬁ assume the highesﬁ
sat;tation activity. ?yroh?tic graphite has beéh Saturated to
.an activity of one curie pér gram, whereas Witﬁ lessvfavofablé "
structures. the activiﬁy is frequently limited té'miilicuries or
microcuries per gram. . L ;‘w;;;A;: ‘:flThe(
diffusion method has successfully induced  some measurable,
though often small, permanent kryptbn activity in all substances
'tes:ed so far. Therefdre,'theititle "universal® indicatof is
.5till justifieci.’ | |
Uniform incorporation of krypton into,a solid is possible if
the substance is "kryptonatedﬁ in the form of a fiﬁe powder which
can be subsequently compressed into a solid. The temperature
stability of the "kryptonates" varies. Scme lose most of their
activity at atmosphesic pressure when the temperature is clevated
only 75 or 100 degrees, while "kryptonated“'éopper metal retains .
75% of its activity to 900°c. Generally, the stability at rbom
temperature is excellent. | |
The possible applicationé of the "kryptonates" in science and
technology range from pure chemistry to applied mechanical engineer-
ing. One of the most important{:'éppliCéEEan"

~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

‘1s released when these substances absorb 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 Ktypton 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, Virginia

BATTELLE MEMORIAL INSTITUTE

" Columbus, Ohio

CONSOLIDATION COAL CO.
Pittsburgh, Pa.

FUNDAMENTAL METHODS ASSOC.
New York, New York

GEORGIA TECHNOLOGICAL
RESEARCH INSTITUTE
Atlanta, Georgia

GEORGIA TECHNOLOGICAL
RESEARCH INSTITUIE:
Atlanta, Georgia

RADIATION APPLICATIONS, INC,
Long Island City 1, New York

STANFORD RESEARCH INSTITUTE
Menlo Park, California

TEXTILE RESEARCH CENTER
Raleigh, North Carolina

WESTINGHOUSE ELECTRIC CO,
Pittsburgh, Pa.

~ catalyst.

Investigation of the initiation of chemical
reactions using krypton-85 beta radiation.

Study of radiation reaction mechanism pro-~

- ducing high value halogenated aromatic

compounds.'

Study of ultra high intensity radiation effects;
Study of the use of organo-metallic bond in
radiochemical dosimetry.

Stﬁdy of structural and compositional factors
influencing radiation induced polymerization

reactions.

Fvaluatlon of beta radiation .as a hydrogenation

o
2

Research on neutron transmutation doping.

Effects of high intensity ionizing radiation on.
colloidal. systems and suspensions.

Physical properties and structural character-
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.

Investigation of stimulated emission of gamma
radiation,



WEST VIRGINIA UNIVERSITY
Morgantown, West Virginia

WM, 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 reactionms.

Radiation Pasteurization of Foods

AGRICULTURAL MARKETING SERVICE
U. S. Department of Agriculture

Washington, D. C.

BUR, OF COMMERCIAL FISHERIES
U. S. Department of Interior

Gloucester, Massachusetts ;.

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

LOULSIANA 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 WASHINGION
Seattle 5, Washington

Studies on gamma radiation treatments for the
control of post-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 containers.

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 with 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 pasteurizatxon of fruits
and vegetables.

Study of radiation pasteurization of marine
products, installation and operation of
Cobalt~-60 gamma research irradiator.




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
RESEARCH FOUNDATION, INC.
Golden, Coloraco

DRESSER RESEARCH
Tulsa, Oklahoma

EDSEL B, FORD INSTITUTE
Detroit, 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.
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Scintillation spectrometer measurements of
capture gamma rays from natural elements.

Development and evaluation of safety performance
criteria for sealed radiation sources.

Research on radioactive tracers to evaluate

‘heterogeneities in repressured petroleum

reservoirs.

Investigations regarding limiting factors in
rapid identification of selected materials by
nuclear techniques.

-Absorptiometry with beta-excited x-rays.

Evaluation of large volume detectors and éheir
application to isotope process control.,

Development of an ocean bottom sediment density
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
snow density profiles.

Neutron activation analysis in scientific

. crime detection.

.Development of'techniques for utilizing,reaétor

fast neutrons for activation analysis.

Development of radioisotope techniques for
water resource studies.

- Evaluation of the effectiveness of neutron
- radioactivation analysis in criminalistics.






MARTIN-MARIETTA CORP.
Baltimore, Maryland

MB ASSOCIATES
Walnut Creek, California

MULLER~MONROE DESIGNS
Santa Fe, New Mexico

NATIONAL CANNERS ASSOCIATION

Berkeley 10, California

.NATIONAL CANNERS AS§QCIATION
‘Berkeley 10, California

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
Waltham 54, Massachusetts

TRACERLAB, DIVISION OF
LABORATORY- FOR ELECTRONICS
Waltham 54, Massachusetts

UNDERWRITERS' LABORATORIES
INCORPORATED
Chicago 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.

Investigatlons'of radioisotope tracer techniques
to detect and measure detergent residues on

- washed food products.

Development of radioisotope techniques to evalu=~
ate and improve routine practices for removal '
of pesticides from food.

Development of krypton-85 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.

Radidisqtope application to printed circuit
board technology.

Development of narrow band beta-excited xiréy

" detector for analysis of chemical elements 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

MARTIN-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.




lsotope
Sr-90 (Mc)

Cs-137 (Mc)

Ce-144 (Mc)
Pm-147 (Mc)
Pu-238 (te)
cn-264 (ke)
Cm-242 (fgg
Po-210 (?gg

TABLE 1

RADIOISOTOPE PRODUCTION CAPABILITY FOR THERMAL APPLICATIONS

1963 1964 1965 1966
3 5 5 5

1 3.5 3.5 3.5
3.5 3.5 3.5 3.5
0.02 0.5 0.5 0.5
3. 6 13 - 18
S 005 01 6

- 12 80 1000
20 |

50

100 100

1968

1969

1967
10 10 - 10
10 10
100 .100-” 100
30 3¢ 30
24 32 36
18 40 56
1000 1000 1000
1000

1000

10

1000

1971

1000

100

30

1972

10T

1970
10 10 10
10 10 10
100 100
30 30
42 47 51
56 s8 58
| A1oob 1000 1000
1000 1000 -



TABLE II1

THERMAL POWER AVAILABILITY FROM RADIOISOTOPES*

(Kilowatts/year at Fuel Fabrication Time)

Isotope F T S VT S T T U T S T T S T |- NS T RS ) [N ) W '}
Sr-90 | 2 12 32 63 63 63 63 63 63
Cs-137 5. 17 7 48 48 48 48 48 48
Ce-144 25 25 25 25 700 700 700 700 700 700
 Pm-147 | 001 02 02 0.2 VR TOR PR PO PR 7Y
Pu-238 1.5 30 6.0 0.5 1.5 15 17 20 23 25
Cm-244 - 0.1 0.2 14 41 92 129 129 13 13
Cme262 - 1.5 9.5 ‘120 120 120 120 120 120 120
Po-210 S 30 7.0 14 14 140 140 140 140 140 140

*Based on quantities of material in fable I on Radioisotope Production Capability for Isotopic Power Applicationms.
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TABLE III

PROPERTIES OF RADIQISOTOPES FOR ISOTOPIC POWER APPLICATIONS

: o Material Requirement for Mission
Type of Half- ‘Chemical Specific Thermal Power Mission Curies/Elec;riCal

Isotope Decay life Form Watts/kc:TIWatts/gm Watts/cc Life (yrs) Watt
Sr-90 Beta 28 yrs : Titanate 6.5 O.QF' 0.7 10 ’ 4,000
Cs-137 Beta 27 yrs Glass 4.8 0.072 | 0.22 10 5,500
« Gamma o ‘
Ce-144  Beta 285 days Oxide 7.9 2.3 13.8 1 - 7,000
Gamma S : L ‘ : , e
Pm-147  Beta 2.6 yrs  Oxide 0.37 0.18 1.0 2.6 108,000 °
Pu-238  Alpha  89.6 yrs  Metal 34.5 0.48 9.3 10 625
Cm-244  Alpha 184 yrs  Oxide 35.0 2.3 22.4 10 840
Cm-242  Alpha 163 days Oxide 36.2 120 1170 0.5 1,190
Po-210 '

Alpha 138 days = Metal 31.7 140 1320 0.5 1,550




TABLE IV

EXISTING COMMERCIAL RADIATION PROCESSES

¥

Process ) ‘ Source Comgénx ‘ Volume
Production of Ethyl Bromide Cobalt-60 Dow Chemical Co. 7 400 tons per year;
Polyethylené Film A : Machine W. R. Grace 1500 tons per year
Crosslinked Polyethylene Wire ‘ ’ Radiation Application, Inc.
Insulation, Circuit Boards, etc. Machine General Electric $15 million per year
Raychem (Redwood City, Calif.)
Medical Supply Sterilization Machine Ethicon, Inc. : . .80% of USA Marke !
IR , - Cobalt-60 Hospital Supply Co. (Sutures) ‘ -
: Becton, Dickinson Co. ' o
Goat Hair Sterilization Cobalt-60 Westminster Carpet Co. 2,250 tons per year
e : (Australia)
"ASgrout Iﬁhibition on Potatoes ' Cobalt-60 Atomic Energy of Canada, Ltd. 500 tons per year
cProduciion_of Polyvinyl Acetal Machine Toyo Rayon no estimate
Resin , (Japan)
Semiconductors Machine At least six of the larger 15-20 million units a year

semiconductor producers




TABLE V

NEAR-FUTURE COMMERCIAL RADIATION PROCESSES

Process Probable Source Pdtential Use

Radiation curingvof coatingsl ',Machine Plastic coated pifwood paneis, paint primér>curing

Textiles : | Machine Dyeability, mildew reéisténce; fire retardant, water

. C res}stance -
Wood-plastic alloys Machine Wood construction, fufﬁitufe, piliﬁg, sporting-equipment.
. ' Cobalt-60 : o ‘ |

Sterilization of Médical Supplies. Cobalt-60 Bulk packaged sﬁtpres, cétﬁeﬁer kiés,.etc.
':fodd pasfeurizétion ‘ ﬁ ‘Cpbalt-60? f ;-Extension of sheif lifé (fish and fruit) E
-‘Semiconductor devices . pe Y'flux? -. Tiansistbrs diodes multifqnctioﬁal devices

Food sterilization ' Cobalt-60 ‘Military ratioﬁs (chiéken, beef, pork, and ham)

Enzyme sterilization- - Machine ) . -------;-----;-;>: B

L

% Nuclear Reactor



Catalyst

Co,Mo,Ni,S

None, -
(Thermal Reaction)

Strontium 90 Radiation
- (Hy Saturated)

" Strontium 90 Radiation
(Not H, Saturated)

TABLE VI

TYPICAL RESULTS, COAL EXTRACT TO OIL CONVERSION

T, 429°C 3 P

>

Yield From Coal Extract,7e

%011

500 psi; Feed, Extract:Tetralin in a 1:1 Ratio with 7.37% Hydrogen

% H in Overall Product

100 = 250%0i1 250 — 4007 04l 100 - 400
33.47 17.69. 51.16.
5.12 _ 9,65 14.77
8.55 . 9.65 18.20
8.73 6.79 15.52
4.82 15.80 20.72
5.32 16.30

21.62

10.37

8.24
8.24

7.76

cltT

8.00
8.00
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Compound

Benzene
Decalin

Tetralin

Toluene
Methylcyclohexane
Naphthalene

Cyclohexane

«

TABLE VIII

Degree of Labeling in Six Hours, Compared to
Ultimate Theoretical Limit
(T = 230C)

Percent of

et Ultimate : ' _ f
Theoretical Tagging Experimentally
Limit Tagging in Achieved Observed Limit
of Tagging Six Hours In Six Hours . of Tagging
(}xc/gm) (pc/gm) (%) (pe/gm)
630 108.2 17.2 } -~ 630
435 3.4 | 7.2 -
545 . 542 99.4 | - ~550
603 . 55 92,0 ~ 560
a1  9.36 4.1 -
2830 1290 45,6 -

No exchange taggingf

YT
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Radioisotopes become avallable in a number of ways. Megacuries of
activity result from the fissioning of reactor fuels; kilocuries of such

192 and curies or millicuries of many others can

isotopes as 0060 and. Ir
be made by activating targets in reactors; and small amounts of a wide
variety of nuclides result from the bombardment .of suitable targets in
gceelerators such as cyclotrons. Stable isotopes are conceﬁtrated by
a number of methods, the most impdrﬂantfof which are -electromagnetic
separation, fhermal diffusion, and gaseous diffusion.

In this first issue of "Isotopes and Radiation Technology," " ./ -
fission prodgct-sefaraticn‘ and stéblé isotope research and development
are discussed briefly. Cyclotron-prodgced'isotopés will be discusséd  in

future issues, along with additional,det@ils:of these processes and

material on reactor-produced .isotopes.

FISSION PRODUCTS
235

When gross amounts of U undergo fission, thé fission products
comprise, either as intermediates or as isolatable nuclides, a rather
slzeable percentage of the known isotopic species. The familiar cﬁrve
in Fig. II;l shows the distribution of the isotopic masses and Table II-1
lists some of the more importanf recoverable radiocactive products.
Table II-2 is of potential interest, since it shows abundances of in-
active (stable) fission-product,isoﬁopes; some of these; as a result of
" their abnormal isotope ratios; are worthy of consideration for calutron
charge to prepare enriched stableviéotopes.'

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 IT-1. ACTIVE FISSION PRODUCT ISCTOPES
OF HALF-LIFE GREATER THAN 57 DAYS

Isotope Fission R Amgunt Thermal Neui':ron
7 A Yield, % Half-Life - u:;z, 4 Crossaiigtlon
3 sel” 0.04 6.5 x 10* y o _

36 Kro? 0.3 10.27 y 0 | <15

37 RoOT 2.7 6.2 x10°y  27.85 0.1k

38 gr° 5.9 By 0 ~1.0

39 ¥t 5.9 58 4 0 ]

b0 zro? 6.4 63 d | 0 -
7r7° 6.5 1.1x10°y 0 <l

Mmoo 2.1 b2y 100 -

43 e 6.1 2.12 x 10° y 0 -

o om0 1.0y 0 i

w6 w7 0.2 7.5 x 10° 0 I

y7 agttOm 2x 1077 270 4 0 : _

58 cgttm ? 5.1 y 12.26 - -

49  In't? 0.0099 6 x 10 y 95.77 145 + 52

50  gnltO® 0.01 o154 8.58 _
st 0.0012 13l d 0 )

51 Spie? 0.023 2.7 y 0 i

50 meltP 2.0 >2.0 x 1082y sh.hg <0.0L + 0.3
Tel2Tm 0.056 90 4 0 - |

53 -2 1.0 1.67T x 10" y 0 11

55 ol 6.2 3.0 x 10° y o 15
cstol 5.9 33 3 0 <2




Table II-1 (continued).
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Thermal Neutron

1.7 0

: . Amount
Jeotore  Mestonmmrasre g0, OFosg Sectton
8 ce™ 61 owa I .
oo w*  6a | 1.5 x 1012 6.1 4.8
a0 0.7k 2.0 x 1077 5.6 2.9
6 YT 2.6 2.6 y 0 60 + 7
62 smtT 2.6 1.4 x 10ty 15.07 -
st 0.5 T3y 0 | 7000
63 Eul>? 0.031 ‘.\11;,'0_00 '.
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TABLE II-2. A COMPARISON OF AMOUNTS OF INACTIVE . =~
FISSION PRODUCT ISOTOFES AND NATURALLY OCCURRING ISOTOPES

Tsotope  Fission Amount, % Csto7 per  Thermal Neutron .
z A Yield Pission Naiﬁre So'xbgrles’ Crosiaiigtlon’
32 gel® 0 0 20.55

Ge’® 1.5 x 10°7 0.6 27,37 - 0.94
GeTB 1.0 x lO"l‘L k.1 7.67 - 15.7
ge™ 3.0 x107%  12.4 36. 74 - 0.6
G 2.0x1077  82.9  7.67 - 0.15 + 0.30
55 as’® 8.0 x 107% 100 100 -
3 seT 0 0 0.87 - .
seT® 0 o 9.02 - -
sel” 9.1 x 1072 2.5 7.58 - 10
se™ 2.0 x 10°2 5.6 - 23.52 3.0 0.4
s 8.0 x 1072 223  49.82 12,1 0.03 + 0.5
5?2 0.5 69.6 9.19 37.9 2.0
35 Br0 3.7 x 1o"2 21.7 50.52 '5.6 2.6 + 7Q6
prSL 0.133 78.3  L9.L8 120.0 2.6
36 Kr78 0 | - 0.35h -
kx50 0 - 2.27 -
kr52 3.5 x 1070 0.09 11.56 - s
Kro> 0.48 13.0 0 72.8 205
kOt 1.1 29.9  56.90  166.9 0.1 4 0.06
k0 2.1 57.1  17.57  518.8 0.06
37 RS 1.1 - 72.15 207.7 0.05 + 85
Rb8T - - 27.85 - 0.1k



Table II-2 (continued)
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Cs157 per

Isoﬁope Fission Amount, % Thermal Neutron
7z - A Yield " In In 50 Meuries, Cross Section,
 Fission Nature g ~ barns
38 Sr84 0 - 0.56 -
&6 2.8 x 1070 0.0k 9.86 - 1.3
sr87'i 2.7 42,2 7.02 409.8 |
Sr88 3.7 57.8 82.56 561.6 0.005,
39 89 4.8 100 100 728.6 Lk
b ze° 5.9 19.1  '51.M6  895.6 0.1
Zrot 5.9 191 11.23 895.6 2.0
7e?? 6.1 19.8  17.T1  925.9 0.2
el 6.5 21.1 17.%0 986.7 0.07
20 6 20.8 2.80 971.5 10.05
o m 6.5 100 100 986.7 1.1
b2 MooC 0 - 15.86 - -
~Mb9h 0 - 9.12 - -
Mo?? 6.4 27.1 - 15.70 971.5 13.4
w® 5.7 x 10°% 0.02  16.50 ; 1.0
Mo? T 6.2 26.27 9.45 9k1.5 2.0
o 5.9 25.0 23.75 895.6 0.13
Wt 6.5 27.5 9.62  9BT.T 0.2
W me® 0 0 5.7 -
g 0 0 2.2 -
R 6.1 35.6  12.8 925.9
rt® 0 0 17.0 -
Ol 5.0 12.7 759.0 2.46

29.2
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Table TI-2 (continued)

Isotope = Fission . Amount, % csl3T per Ther’mal. Neutr;on":
z A Yield In In 50 ){curies, Cross Section,
Fission -- Nature g A .~ barns
r02 4.2 4.6 31.3 637.6 12
rlt®* 1.8 10.5 18.3 er3.2 0.7
b5 w00 2.9 100 100  Lho.2 138.0
¥ patP% o 0.8 -
% 0o 93 -
pal% 0.9 65.% 22.6 156;6,
pal% 0.3 o5  27.2 57.7
pal® 008 0.58 6.8  12.1 0.07 + 11
palt®  o.02 0.15 135 3.0 74 0.0k
w1 ag%T  o.2 87.7 51.35  30.0 30 B
2gt%?  0.028 12.3 48.65 b2 B 2v+ 82
¥ cat®® o 1.215 - |
cal® o - 0.875 .
ca®  2x107T  0.033  12.39 o
cal  0.018 30.5 12.75 . 2.7
a't®  o.o011 18.6 2,07 16 . 0.03 4 ?
cat®  o.o1 16.9 12.26 s 25,000
Cdllh 0.01 16.9 28.86 1.5 : 0.1 + 1.1
catl®  o.01 16.9 7.58 1.5 1.4
50 snll’g e 0 - 0.95 ‘ -
st Lt 0 0.65 -
sntl®  o.01 12.0k4 0.3k 1.5

nllo 0 0 4.2k .




Table II-2 (continued)
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Amount, % cst7 per

ZISOtOPeA F@iiiﬁn In “In ‘SO)Kcuries,l gﬁiiiaéeﬁiiﬁi?n
Fission Nature ‘ g ‘barns
Hae SR B8 GkE
sott?  o.01 12.04  8.58 1.5
sat® .01 12.04  32.97 1.5 0.001 + 0.03

sat??  0.013 15.6 4{71 1.9  0.001 + 0.1

sl o.02 24,0 5.98 3.0 0.75 ‘
51 st 0.01b 48.2 57.25 2.1 o 5.7‘

2 0.015 51.7 k2.5 2.3 | 2.540.0540.03
s el o 0 1 0.089 .

7et?? o 0 2.16 -

et o 0 Q.87 -

el o 0 5 R

e 0.023 5.69 6.9 5.5 1.5

Te126 | 0.10 16.05  .18.71 | 15.2 - 0.07 %«0.7

rel® 0.5 80.2°  31.79 5.9 0.016 + 0.1k

et o 0 3k 49 - .
53 I127 0.25 100 100 37.9 o 6.1
sh o xet* o 0 ©0.09% -

%1% o 0 0.0% .

WP o 0 1.92 -

xel?9 1.0 L. 26, 4k 151.8 45

et 20 0 0 4.08 -

xePl 2.9 13.0  21.18  Lko.2 120

Xl bk 19.8  26.89  867.9 742
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Table ITI=2 (cqntinued)

e 1 ' ®

Isotope . Fission Amount, % Cs per Thermal Neutron
Z A - Yield In In 50 Kcuries, Cross Section,
Fission Nature g - barns
xeI* 7.6 C3h2 104 1153.7 T+ 2
xel® 6.3 8.3 8.87 956.3 0.15
55 cst>° 6.5 100 100 986.7 “ 0.016 + 26
56 Bl 0 0 ol01 -
132 g 0  0.097 -
Bt 0 0 2.h2 -
2% 6.2 3.6 6.5 9.1 5.6
Bl®  6x107 0.53 7.81  4s.5 - ol
w37 5. 32.9 11.82 895.6
B!® 5.8 32,4 71.66  880.k4 0.68
57 1al® o 0 0.089 _
Lt 6.0 100 99.9 910.8 8.8
58 cet® o 0 0.193 - |
el 0 0 0.250 -
CellLO 6.3 51.6 88.5 956.3 0.6
™2 5.9 48.6  11.07 895.6 1.8
so ™ 6.0 100 100 - 910.8 1
6 wat*? o 0 o7.1% -
a3 6.2 39.9  12.20  -1004.9 290
ma* o 0 23.87 - us8
na*? .2 371 8.30 637.6 52
nal* 3.3 21.2  17.18 500.9 9.8

Ndlh_8 1.8 W11.6 5.72 273.2 3.3




123%b

. Table IT-2 (continued) _ ,
Tsotope  Fission Amount, 4 Cs3T per  Thermal Neutron .
zZ A Yield In In 50 Kcuries, . Cross Section,
S -Fission Nature . g * barns -
‘NdlSO' 0 0 5.60 )
62 sl o 0 3.16
R G 0 15.07
st o 0 1127
Sm;h9 1.3 76.9 13.84 ».197.3’ | 50,000
st o 0 .47 - -
sl 0.3 17.8  26.63 455 150
sl 000 5.3 2.5 13.6 5.5
65 Eul’® 0.5 | 6.9 47.77 75.9 '1&60-7000
o 05 231 52.23 22.7 480
® 6 ot o 0 0.20 - o
| ™ o 0 2.15 | )
e o0.031 70.9 | 14,73 kT 'TO,ood |
e o0.o13 297 2047 1.9 |
@’ o.007%  0.17  15.68 1.1 160,000
cat®  0.002 0.0b  24.87 0.3 4 |
6t 3 x10* 0.006 2.9 - 1.5
6 Dyt o 0 0.0524 -
Dyt 78 0 0 0.0902 -
oy o o 2,20 -
oy 8 x10° o 18.88 -
Dy162 0 ) 25.53 -
o3 o 0 2h.o7 .
o " o 0 28.18 -
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However, the economics of waste management are clearly tied in with
fission-product separation and recbvéry}l" An important experiment in-
volves the Fission Products bevelopment Laboratory‘(FPDL) at .ORNL,
which was designed specifically to study the feasibility of recovery of
multikilocuries of potentially useful fission‘pfoducts and to make them
available for a variety of uses. At first, wastes from ORNL -and ICCP
were used. More recently, Hanford has been supplying the bulk of the
proceééed wastes for ORNL to handle. At preseht'the operations involve
primarily separation and pﬁrification of 03137, Céluu,_and Em1”7.2

Strontium-90 is réceived as a purified feed for cohversion 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 soivent extraction. Strontium
and the rare earths are first sep&rated by a lead-carrier sulfate step
at pH'l.O, the strontium being carried with the lead sulfatevas strontiumv
" sulfate. Tartaric acid is added to complex the iron. Aftér centrifuga-
‘tion, the precipitated strontium (includiné,lead) énd rare. earth. sulfates
are converted to carbonates by washing with sodium carbonate, and the
carbonates are dissolved in dilute nitric acid. Figure II-2 indicates
the essential steps of this phase of the process.

The nitric acid‘solution is now treated with oxalic acid to pre-
cipitate iead and the rare earths,.leaving the strontium in solution.
The strontium is.again precipitated as carbonate to decrease the volume

6f feed to the solvent extraction process.
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Strontium purification is by solvent-extraction with di(2-ethyl-
hexyl )phosphoric acid as. the organic:extractant. The final product,is
reported to be "virtually free of all radioéhemical impurities, and
cation chemical burities greater than 95% are typical{"ga

The 05137 recovery is outlined in Fig. II-3. Thé process consists
primarily iﬁ passing the centrifuged supernatant liquid in aged Purex
stored wastes through a shielded fank»filled wi£h an aluminosilicate
ion-exchange‘resin (Decalso). The cesium is sorbed on the resin in a
form suitable for shipment.

Transportation

Figure II-4 shows the "portable pipeline" used for transferring
feed from Hanford to ORNL. Each gondola carries two 500-gal shielded
137

transfer tanks (STT's) containing 50 kcuries of Cs per cask sorbed

on Decalso resin. The flat bed on the extreme l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>