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RADIOISOTOPES - ATOMIC POWER TOOLS

Yor wore than fifteen hundred years, men tried to change less
valuable elements into gold. Then one day in August 1945, the atomic
age burst upon us violently, proclaiming to every man the fact that a
new science had been developed for both war and peace. Man had dis~

covered how to make gold, more important, man had created atomic power

teols, radioisotopes, to assist scientists unlock new technology that
will lead to fascinating adventures in the future.
The story of isotopic transmutation; is a fascinating tale of

human quest for knowledge, & story of scieatific adventure and success.

"A Half Century of Progress’

Pifty years ago, Medelyeev's 'Periocdic Law’ had already been devel-
oped. Tha atom was then & tiny heavy nucleus surrounded by a solar
system of electrons and was considered the smallest indivisible unit.
Alpha, Beta, Gamma and X-ray radivcactivity experiments were in pro-
gress. X-rays were being used in medicine. Albert Einstein at the
age of 26 had already written what was to become the most famous equa-
tion fn science.

By 1911, nearly forty species of alements having different radio- Fig.
activa properties were known, but the species within each of the groups
appeared to be chemically identifal. 1In 1913, Soddy proposed the name
ISOTOPES for elements that are chemically indistinguishable although
their radicactive properties and even their atomic weights are differeat.

During the same period, Soddy, Fleck and others were also studying
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changes resulting from the decay of natural radioisotepes and developad
the GROUP DISPLACEMENT LA that explained nstural transmutations, i{.e.,
“when an slipha particle is emitted in & radicactive change the product
eccupies & position two places to the left of ite pareat im the perio-
dic system, while the emission of a beta particle results i{n a shift
of oue place to the right.”

Iz 1919, Rutbherford showed that fast natural alpha psrticles from
the xedicactive decay of radium cawsed the comversiecm of mitregen into
oxygen with the emission of au swmergetic proteom. This first srtificial
transputation of one clement iate a different ons also afforded evi-

dence that the proton was & comstitueat of the atom.
:““ o ,.1‘ -.-o-&«”-oc!} ‘011 gfon lnl v osnergy rig.

Up to this point, sciestists had been chippiag pleces off the atom.
The real attack en the wucleus bagan in 1920 when there appearsd indica-
tions frem sesversl widely separated sources that an eatirsly mew par~
ticsle might be s {wmportant wait in the struweture of ths stem. This
hypothotical particle, given the smme nsutros early ia the roaring
twsntiss, later Lldentified by Chadwick during ths depressiom of 1932,
changed ths fate of nations ia Verld Var II.

Duxing ths roaring twentiss, physicists began te consider the
pesstibilicy of transmuting elements by bembarding them with laberatery
accelerated particles. It was evident frem esrlier transmmtation ex-
perimsats with natursl particles that the bembarding particles would
have to be a stresm of partisles of very high enszgy.
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Some of the first experimenters thought to harness li;hl_:ntu. o
the high potentisls exfsting on storm clouds. Van “#‘ m'nkf daveleped
a method for utilising the potential acquired by the accumulstion of
charge on sn insulated body in which a large ephere is insulated frem
the earth and is fad a continucus stresm of charge alomg an insulated
belt. Another method for producing high voltages was a cascade or
series of transformers, esach capable of stepping ths voltage up to
around twe hundred thousand volts.

In 1932, Cockereft and Walteam succeeded in preduciag muclesr dis-
intagrations by artifieially accelerated particles. They used an in-
genious multiplying cireuit of tuutm. rectifisrs and ceadausers
capable of preducing accelerating veltages wp te 710,000 volts. With
this dsvice, they accelerated charged atems of hydrogsn wp to velo-
citios of about 7250 miles per second.

During this same pericd, K. 0. Lawrence sad others developed
cycletrons and linear scceleraters for accelsratimg particles to evem
hijher anergies. UWhile others wers sesking methods of sbtaining very
high veltages, Lawrence worked om am ides of spaeding 2 particle up
to very high emsrgies by giviag it successive aceeleratiens. This
ides led te tha invention of the cycletren sad by 1932 tranmmmtatices
ware achieved with pretons haviag ever ome millien electron volts.

In 1934, Irene Joltet-Surie and her hushbend, ¥. Jolist bombarded
sluninum, boren and magmesivm with alphe particles frem palonimm.

Thay produced ths firet men wede radieisstepe, phesphorus 30, by (a,n)
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trensautation reaction:
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Duriag this peried, the meutron was also used to pry further fate the
seexets of the atomic nucleus. Having no electrical charge, the neu~
trem is not effected by the megative electrons in the atesmic shell and
fs mot affected by the stromg charge of the beavy nuclei. First to
sttack the stom with neutress were Rurice Fermi snd his co-workers.

In 1935, a group of resesrchers working under Otte Heha entersd
this field and conceatrated om drasimm. 1Ia 1938, Hahn and his co~worker
Fritz Strassmenn experianced a uum:lnud event. Thay split the
urgaive atow ia twe. The wranius nucleus, ou swallowiag a asutrom,
immediately split, then becawse both fragments contain dosens of pro-
tous they repel sach other with tremsadous force and & terrific receil
which generates the heat of atomic fission. When the mucleus splits,
it alse gives off extremsly powerful gamma rays and ons, two or thres
single neutroms.

The possibiliity of a centrolled muclear chain reactien sccompanying
the fissieon of uranium creatsd a lot of intersst in late 1939 end euarly
1940. By December 1942, s self-sustaining urenivus chain reaction wes
demenstrated in the firet suclesr reactor at the Umiversity of Chicage.
However, the prospects of axpleiting atomic energy fer war were al-
ready recogunised snd consequently rvesearch was dirested teowsrd the
ismadiate amd urgent preblems of the military application eof atemic
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In the war years of 1940, 1941, and 1942, several physical
ressarch groups emerged in the United §tates whose aim was centered
on the exploration of techniques for releasing power from the atomic
nucleus. There were three main groups - one at the University of
601£fornia in Berkeley, one at Columbia Unfversity in New York, and
one deliberately misnamed the "Metallurgical Laboratory™ at the Univer-
sity of Chicago. Plutonfum in kilogram quantities was the objective
of the moment. However, it was unsafe to operate a high-powered nuclear
chain reactor in the midst of Chicago, with little shielding, limited
knowledge, and recognition that the reaction had in it the power to go
out of control and ea§t¢ a disaster. Therefore, the first nuclear FlG.
reactor, the X-10 air cooled Graphite Rmactor, to be run at power to
gain experience in the bahavior of reactors was built at what is now
known as the Osk Ridge Matiomal lLaboratory.

In addition to production of plutonium, the uranium reactor pro-
duced fission products and other radioisotopes. These radf{oisotopes
were used by biclogists in their studies of radiation hazards, chemical
researchers used them to davelop separation processes and radiochemical
anslytical techniques, sad physicists studied the characteristics of
each radicactive species and their yields. Research on radioisotope
production processss was so succesaful that, by the end of the War,
soms radioisotopes were im routine production.

During the early postwar period, thea United 8tates declared, via
the Atemic Energy Act of 1946, a poliey of tha people thag, "Subject at

all times to the paramount objective of assuring the common defense
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and security, the development and utf{lization of atomic emergy shall,
8o far as practicable, be directed toward fmproving the public welfare,
incressing the standard of living, strengthening free competition in
public enterprise and promoting world peace'.

In 1946, the United States, recognizing the many benefits and con-
tributions that could be made to science through the use of radiocisotopes,
initiated & Radioisotope Production and Bistribution Progrsm, thus
making radiocisotopes available to users outside the atomic energy pro-
Ject in accordance with the objectives of the Atomic Energy Aet.

The forging of radioisotopes {nto practical, economical atemic

power tools (s still one of mankind's most exciting adventures.

Production of Radioisotopes via Protem, Peuteron and Alpha Bombardment

8 Gycliotron

With the development of modern ldess pertaining to the structure
of the atom, the possibility of tramsmutation, previously regarded as
fentastic, was given serious cemsideration by rsputable scientists both
here and abroad. Many scieutists becsme interested in the possibility
of developing methods for building up high potentials whereby protoms,
L{.e., charged hydrogen atoms, could be given ch!lctoat energy to pems-
trate atomic nuclei. Their purposss wers many fold. Some were inter-
ested in the way nuclei react, sows ware iaterested in nuclear structure
and nuclear forees, and others were {nterested in the production and
identification of previocusly unknown isotepes of naturally cccurring

elements and their radicactive properties.
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Throughout the peried 1930-1945, most radicisotopes used were

produced in eyclotrems. Today, the cyclotrem largely cemplements

rather than compates with the nuclear reactor for produciag radio-

isotopes. Cyclotrom-produced fsotopes usually lie on the neutron

deficient aide of the suclear stability line. They decay principally

by electroa capture and positron emission, although some undergo betas

decay. Ia comtrast, nuclei formed by meutrom capture or as fissiom

products usually have a neutron excess and decay by electren amission,

f.0.,

Cyclotron preoduced radieisotopes, is general, have a distiact advan-
tage of high specific activity since thay ordinsrily are a differeat
chamical elomant than the target and hence can be freguently separated
carrier-free. On the other hand, resctor produced radicisotopes, with
few exveptions, are usually mixtures containiang rather large smounts
of the stable isetepes of the same oclemsnt. However, the resctor can
produce mech larger quantities of certain radicisotopes mere scouemice
zally than ban be done with a cycletran. Thus, the cyelotron comple-
ments the reascter by making additienal isotopes availsble &t ressoasble

costs.

The ‘standard cyclotrom cousists of a source of charged particles
and a paix of acsslerating alectrodes placed in a high vaccuws chamber

batwsen the poles of s powsrful electro-magmet.

L10bO 1D
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"D-shaped’ with their adges closely adjacent to form & narrow gap. Ths
seurce of fems is an alectrically hested filament nsar the cemtsr of
the gap which causes icnization of the gas, hydrogen, deuterium or
helium comtaimed in the system. Pesitive ioms, namely protems, deutrous,
or alpha particles, respectively are projected by the electric fisld
inte the interior of the dees. The slternating electric field 1is pro-
vided by & radio-frequency voltage applied to the two slectrodes, or
dees. The flous travel along & circular spirsl path withim the dess,
croumr the gap twice at each revelution asd gaining energy at each
crossing. The ultimate energy of an iom at the outer reaches of its
spiral path is equal to that gained in & single traversal of the gap
wmsltiplied by the number of traversals. 1a & typical cycletrem, the
fons msy meks botwesn 25 and 100 reveletions. A targst may be pleced
fiaside the dees to iutercept the suter veaches of the spiral path or
the mmuutucnéby.mu&wunmum to en ek~
terasl tergst. This relatively simple primciple is basic to the

eparation of more tham 70 cyciotrems whick have been huilt throughout
the wortd,

vhen hydregen is intreduced inte the vaccwmm chamber, positive
ions, pretons, are accelarsted by the slectric field. With protens as
ths imeidont particles, radisactive eapture precess of the (p, ) and
(rs0) type reactisan occurs in lighter slements provided the proton has
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sufficient snergy to psmetrate tha emergy barrier of the largs nucleus.
Resctions of the (p,2n) and (p,pn) types slsc cam eccur when high-enexgy
protons are used. In faet, protoms can imitiate rescticms in which 3, &,
or even more particles sre emitted. However, muclesr processes of ths
(p, ) and (p,d) types are comparatively uncommon because of ths ssall
probability of penatrating the relacively high energy barriers. Typicsl
exsuples of the suclesr process are: Cr-50 (p, ) Mn~51, Rb-83 (p,n) rig.
$r~85, Sr-88 (p,2n) Y-83, Mn-55 (p,pn) Kn-54, N-14 (p, )C* and Be-d
(p,d) Be-B.

Ixsnepntstions by Deuterons

When deuterivwe is wsed im 8 cyclotrem, deutazens ars asccslerated
by the electric field. Nuclesr resctioms of the (4,p) type are quite
common snd have been observed with mearly sll elemsnts. Competing with
the (d,p) resction are resctioms o¢f the (d,n) type, espscially with
target olements of low stemic weight. When the imcident demtercos have
high ensrgies, 10 Nev, reactions of the (4,2n) type oceur with tar-
set slements of moderately high mass mambexs. At still higher ensrgies,
reactions of (d,Jun) type and ethers even muce conplex have besn sbserved.
Beactiouns of the (4, ) type and (d,t) type exe obsszrved eunly with

deutersus of high emergy snd slements of fairly low stemic swmber.

Exsmplas of the above reactiens are: Cd-114 (4,p) CD-113, Bi-209 (d,m)
Po-210, Ag-109 (d,2u) Cd-109, Fe-56 (d,)n) Co-33, Ab-87 (4, ) K-83,
and Be=9 (4,t) Be-8, rs.
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an (5 .p) type rasctiom, which iz common with elements of low atemic
mumber. Newsver, as the atomic swmber increases, the potential barriers
preventing the eatry of the alphs psrticle and the emission of the
proton becoms higher and the probability of the (9/,p) process decreasss,
although with the esvailsbility of artificially accslerated alpha par-
ticles (helium ions), the (5,p) reaction has been detected for muclet
with high stemic u-beri. When the energy of the alphe particle s
large emough for it to penstrate & highly charged nucleus, other reacticns
such as (Y,20), (JLmp), (7,38), (J,4n) and (7,30p) con alse take
place.

Thus we see that the cyclotron 1s 8 very versstile tonl for preducing
8 varfety of wseful redicoisetepes that cammot be made in & resctor.

Of the dozen or so cyclotroms availadle {n the United 3tates for
the preduction of radisactive isotopes and ifncluding the machines in
Great Britain at Birminghem and Rammsresith, the Oak kidge Natiemal

Laboratery 86 cyclotrem has remained wnequaled. rig.

Tha Osk Ridge Bstiooal Laberatory 86" cyclotrom is novel in that
1t s & verticle cyclotros, the dess hanging suspended frem above. In
other Tespests it {5 a rather conventional fixed frequency machine
which preduces 1)-Mev protons for muclear resctien studies and isotope
production. Beams of 1000 te 2000 wa sre Toutinely empleyed for the
productisn of nsutron~deficient rediefisotopes by pretom tramssutatiems.
Boams are availsble from 1 mus (wsad te simulate vadiatisn demage
studies pertaiming to the Vam Allem belt) to 2600 ua (used im the
production of cadmium 109 by the irrediation of a solid silver target).

Meass are provided for utilising the intermal beam for purposes

L10bold
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of high yield isotape production. This invelves a system for imserting
water cooled target assemblies imto the region nesr the periphery of
the dees. A grasing incidemce type target (approximately 6" x 10")

is used for cyclotrom bombardment when the target mnaterial gan be

applisd as surface coatings. The alement to be bombarded is costed on

the surface in 0.010 - 0.020 inch thickness. Coating is done in several -

ways; by casting in a shallow recess in the target surface and then
machining to uniform thickuness; by electroplating; by braising a fotl

to the target surface; snd by using a metallizing gun. The bsam whose
redial width is 3/16" is spresd along the target placad st a small engle
to the beem path. Cooling water flowing through the target assembly

at 30 gallons per minute dissipates ss much as 66 kilowatts of heat

to kesp the surface temperatures below the target material melting or
vaporisation peint.

Some elaments aye not amesnable to these techniques; others even
though they may ba spplied, may not allow heat transfar rates high emough
to dissipate the large beam power, even when large grasing incidence
type targets are used. Nom metals, such as the halogens, and other
elements not readily avsilable in metallic form must be bembarded as
chemical compounds, gemexally im a thin walled water cooled capsule
target. This later toehniquc also way be nscessary for metals with
very low melting points such as potassium and rudbidium, Tubing walls
and water layer reduce proton ensrgy to about 15 Mev.

The capsuls typs target ts & tubslar capsule, 200 mil outside

diamater surrouaded by & jacket, both made of 10 mil seamless aluminum

110b320
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tubing. Coolimg water at 140 pounds per square inch flows in s 15 mil
aonulus between the capsule and jacket. In general, somewhat lower
bombardment efficiency results and operations at currents less than 1
ma are necessary because of the heat dissipation problems.

Over 250 stable {sotopes are available for proton bombardment and
many reaction types, e.g., (p,n), (p,2m), (p,2p), (P»d), (PsJ), and
(p, alpha) are possible. Facilities are available for the productiocn
and subsequently removal from the cyclotrom of very short half life
material as well as aluminum 26m, which has & half life on the order of
800,000 years. Mot only can curie quantities of radioisotopes be pro-
duced in s single run (for example, cobalt 37 amd iron 55) but quite
eften specific sctivities may ba obtained which far surpassed neutrom
produced isotopes. For ck:nplc, of the two materials mentioned above,
cobalt 57 mey be produced with a pwrity such that for every 10 radio~
active cobalt atoms preseat, there is only one stable cobalt atom
present. Irom S5 ia produced with a specific activity baetween 3 cnﬁ
10 times that aveilable under present reactor techniques.

The Osk Ridge Mational Laboratory 86" cyclotrom {s available for

//<5=‘*d(;ho production of isotopes other than those routinely sold by the

laboratory. Exsmples of radioisotopes produced by service radiation

on the Oak Ridge Mational Laboratery 86" cyeclotron inelude:

110b52Z 1



Be-7 Co-57 Rh-102 Ce-139 Eu-149
Na-22 Co-61 Pd-103 Pm-145 Yb-171
V-48 As-74 cd-109 Pu-148 Au-195
Mn-52 Sr-85 1-124,125,126 Pm-150 T1-202
Fe-55 Y-87,88 1-125 Bu-146 B1~207
Co-56 Tc-95 Ba-133 Eu-147 Pa-231

Customers for radioisotopes sexvice irradiations using the 86"
;}ﬁlotron i{include several universities, hospitals, U. 8. government
dacncttl, the Oak Ridge Mational Laboratory itself, fereign organiza-
tions, and two U. 8. commercisl processers. The commercisl processors
maintain & service for the production, processing and distributiom of
carﬁinr free accelerator produced radionuclei omn s §ont£uu£ns and |
easily available basis. Iu sddition to meintaining stocks of commomly
used vadfetisotopes, they make svailable upon special request any
radionuclel which can be produced with a cyclotrom.

Although the eyclotron ecen be used to make practically every
radfoisotope, the nuclesar resctor can makie certain radioisetopes

cheaper and in larger qusatities.
tron t 4 Rasc

The nuclear resctor has two uniqua characteristics, the productiem
of a fission chain r;lctton and the production of & largs amount of
weutrons. These features make the reactor s useful productive uamit
for makiag radioisotopes. The radicestive isetopes are created by two
processes: (1) fissiom of U-225 or ether fissionable muclei and (2)

neutron absorption by non-fissionsble nuclet placed in the pils.

rig.
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The fission process gensrally results in two radicactive fragmeunts
with a total combined mass less than 235 by the mass of the 1 to 3 Fig.
neutrons emitted during the fission event. The fiesion fragments are
very uuiublo and range from slement 30, sinc, to element 64, gadelinmium,
but a grester parcemtage of them have mass numbere ranging between $0
to 100 sad 135 to 145. Each of these fisstion fragments decay by &
seriss of or chain of beta-ray emissions and the intermediate decay
products are the seurce of fission produets. The fission products,
because they differ chemically frowm the original ursnium and each other,
can be fsolated and purified by chemical processing. The separated
fiseion products are, however, mixtures of stable and radisactive
nuclest of the same species rather than pure specific isotopes.

Production of radioisotopes by neutren abserption yields a much
wider varfiety of radicalements than can be obtained through fissiom.
About 273 stable auclel ars available, at various miMu, for

neutron bowbardment to produce a varfety of radieisotopes. Radioisotopes

10boZ3
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of wost elaments may be made by simple meutron capture ia whick (1) Fig.
enly a gamms ray photon is emitted and the product formed {s an isotupe
of the target sloment and (2) 8 preton or alpha pacticle s emitted and
the preduct formed is an fsotope of em clement different tham the target.

Rasdiattive Capturs (n, )

Capture of noutrons by a nuclews is a process which takes plece
sasily, since no slectrostatic barrier has to be overcams. Im the
cadtative capture of neutrons, the fiaal mucleus is an fostepe of the
targat mucleus and, Lf (t s redissctive, it usually disintegrates with
the emission of slectrons. Abserption of a weutres iate the mucleus of
an atem doas met change its chemical mature, 1t merely producss ancther
{ootope of the some chemical slement. Neutrons of relatively low energy,
are particularly effective for the radiative copture resction. The best
exampls of the redistive cepturs process is the production of cobalt 60.

59 ' . 2 ot - -0 o e 60 by
2700 o+ o - 20 -+

Precesses of the (n,p), (n,4), and (u, ) types can slse take
plmﬁ-mmnu—nuuuﬂumtmnummm
binding the charged particle in the compound muclews and to alse permit
Lt to ascaps. This (n genersl, requires fast meutrens with imcreasing
energy a3 the atemic mumber of the target material i{mereasss. FProcessss
of the (n, - ) type are met commen with target waterials of stomic mmbers

L10bOZ Y
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axceeding 40. As & gemeral rule, when the msutron has sufficieat emergy
to make the (a, ) resction possible with zn element of high atomic
mmber, other processss, such as (n,In) take place st about 10 Hev in
preference to the (n, ) resction. At inctideat neutron energies above
30 Bev the compound aucleus may eject three nsutrons Or &ver two neutrons
and a proton, fi.e., (8,3n) or (n,2np).

The ajsction of charged particles results in an elemsnt differest
than the target element and it thersfore can be isolated as s high
specific activity isotope. Examples of radioisotopes produced by these

PTOCOSS48 AT
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Other thes the awelesr resnter itself, the maia parts of the radio-
feetope production precess ave tsrget preparatisn, facilities for insert-
iag the targat {ato the reseter and removal of the irradieted target,
chemical procsssing facilitiss, stertag end packaging fecilities and
dacentaninstion and wests dispesal fasilitiss. Witheut geing iate
exzessive detail, we might dfscuss seme of the fmportamt comsiderations
concerning techaiques of radiotisetope productiea.

1106529



Terget Preparation

Target materials are sqnorally sncapsulated in aluminum containers
bafore insertion im the reactor. In some instances, it may be desirable
to first seal the target in a quarte ampoule prior to enclesure in the
aluminum container. Glass {s not used because of high neutron absorp-
tion. Solid metallic elements are generslly used as targets when they
can be obtained with high purity. Btable oxides and carbonates are also
used but consideration must be given to possible multiple production
from compound targets such as from compound elements containing chlorine
which yields §-35, P-32, and C1-36, Further, targets should not volatise,
decompose apprecisbly or produce materials that will attaseck the containmer.
For example, salts such as nitrates decompose ead organic compounds may
char, oftem producing pressure which might rupture the target capsule
and contaminate the rescteor gooling system. Consideration must also be
given to self-absorption of neutrens by relatively large prices of
target materisl and the effeet on activation becauss of localized flux

depression.

Production Rates

The production of radieisotopes by neutren transmutation can be

estimated by the following squation:

4 (1 -e¢~ AY

A .
(t) = M (3.7 x 101V)

rig.
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Where: A(t) is curies of radioisotope produced. Fig.

W is grame of target element

N is Avogadro's number, 6.023 x 1023 stoms per gram
atomic weight

¢ is neutrom flux in target ares, meutrons/ (ce?) (sec)

i’ is sctivation cross section in Cm2

M

A

is isotopic abundance of the target isotope in the target

is atomic weight of the target isotope

1s the disentegration constant, 0.693/ half life of the
product isotope, and

is the irradiation time.

re

The above-equation assumes that the amount of target material remains
essentislly unchanged threughout the irradiation. However, in high
fluxes or targets having very large cross sections, allowances must
be made for target burn-up. Similarly allowances must be msde for burn-
up of the radiofsotope produced if it has & largs neutron capture cross
section as well as the fact that the desired radioisotope is somatimes
produced by the decay of a primary radieisotope.

In general, the sctivity of the short-lived isotope accumu-
lating in the target depends primarily on the stremgth of the nsutrem
flux vhen fts half-life is less than the irradiation time. The sotivity
of & long-lived {sotops accumulating in the target is governed by the
product of neutrom flux and L{rradiatiom tima.

Long-1ived radioisotopes can be produced from targets emcapsulated
in aluminum containers placed within the reactor cers. The targets are
inserted sud removed during reactor shutdewns. Short-lived radioisotepes

are produced using facilities designed to insert and rumove the targets

b527
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while the reactor (s operating. Fer example, ths Osk Ridge Ressarch rig.
resctor has a hydrsulic facility which carriss targets, by watsr

pressure, iate and ocut of the reaster while ths unit is epsrating.

Upon removal of the irradisted target from the reactor it may be

necessary to process the radieisotape immsdiately to obtain the optimum

yield of short-life isotepes. On the othar hend, it may be desirable

to defer processing of the taxget to permit decay of undesired isotopas Tig.
and/or duild wp of the desived radioisetope.

Bsdisshemistyy

The eperation of & rescter results in & bullt-wp of fissiom preducts
to such s high comcentrstion that thay ultimately iunterfer with the
spezation of the reactor. Ssusequantly, Lt bacowes wmecessary 10 Temove
the uraniwm fusl frem the resctor snd reclaim the valwable fusls by
veweving the contamisents. Tims from the very begimming of the chalin
veaction, reseavch im chemistry was primerily comcermed with isotops
separation and purification precesses. The Snglish Scientist, A. Smithells,
aptly descrided radischemistry fan 1908 when he called it "The chemistry
of phantome™.

Since the Oak Ridge Natismal Laberstery Graphite Rescter was the
firet sapable of preducing lerge ssewnts of fission products, plutenius
end rodiofsotopes by neutres trassmutation, chanical stwidtes of these

mmm“hdmumtuumch-uuuﬁatum
the Osk Ridge Ratfomal iLsheratery. Thess chamists pioneerad methods
of redioshemical amalysis, trecer teshniques, labeled sompounds, develep-
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ment of ion-exchange processes for the separationm of pure rars earths rig.
and are credited with the discovery of the elemsnt promethium. Resesrsh
and development along these lines was very successful, and it supplied
information which ensbleas us to predict the mate of formation of most
fission éroduetl and neutron transmutation in the reactor.

The Natiomal Laboratery has continued to develop methods for the Fig.
production and chemical processing of these isotopes. Perhaps the
most outstanding developments in chemicsl process development are ion-
exchenge and solvent extraction processes for separatiomn and purification
of various elements from gross mixtures of fission products. REach
vadioisetope, however, Lls & separate production problem, invelvimg
1its own cembination of requirements for target materisl, frreadiation rig.
time, chemical purifieation process and safety precautions.

The United States piomeered radioisotops production amd it still
naintains world leadership in the production and distribution of radio-
isotopes. Ve have come a long way since the fivet shipment of 1 mil4-
curie of carbon 14 on August 2, 1946. Therefore, rather than elabora-
ting on details pertaining to process, equipment, facility and imstru-
ments development during the past 15 years, let us review soms of the
exciting thiags we are doing today. However, before we do, it might
help to first review growth and trends in the AEC Radioisotope
Production and Distribution Program.

8 d_Aw bility o dieisotopes
To describe the growth and trends of radioisotope production and

distribution, we must first establish a reference of comparison.
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Unfortunately, most pecple are fmpressed by large things. For sxample,
the tremendous devastation following an stemic bomb explosion, hugh
atomic pewer reacters, atomic pewsred submarines and rockets exploring
the vastuess of outer space. We sre talking about atoms.

The accomplisiments from the use of radicsctive atoms will pro-
bably be of greater ultimate bemefit to mankind. iadioisotepes have
besn proclaimed by scientists as “the most useful research tool since
the fuvention of the microscepe . Yet, Lif all the radicactive stoms
produced and distributed by the Osk Ridge Matiocual Laboratory under the
Commission's Radielisotope Distributies program during the past 15 years
vere combined intc a single mass, (t would weigh only sevem (7) pounds.

At first radieisotopes were omly allotted for research amd sedical
use. By late 1947, the imcreasdd swpply of radicisctopes permitted
1iberal sllecstiens for ressareh ia all fields. However, the demand
saamad to heep just a little shead of producticn capacity, aad by esrly
1948 {t was sppareat that production facilities would soom be strained
to their limit. The repid incresse and demand for redicisctepes made
it essential for Oak Ridge Natiemal Laboratory to sxpand its prodectien
facilities. A sev radioisotope precessing srea was provided to mest
the specisl requirensnts arising frem the handling end processing of
redionctive materisls.

In & comparatively short time, iseteps distribution became a weil

established and growing U. 3. program. The Osk Ridge Natiomsl Laboratery,

altheugh primsrily a ressarch ergmisation, developed as a primary
supplier of vadieisetepes. Lster ether Cammission lsberatories begmu

F10b330
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producing radieisotepes to mest various specific meeds as they sross.

In addition to Oak Ridge, isotopes are now produced at Brookhaven
Natiemal Laboratory, Argonms Matiomal Laberatery, the National Rescter
Testing Station, Savamnsh Eiver, Hamford, amd Mound Lsborstery. In shert,
the satire rssources availedle te the Coumission are called upon as
necessary to assist ia meetimg the neseds for redioisetopes. However,

the Osk Ridge Natiomal Laboratory is the main Commissien center fer
distribution of radioisotopes throughout the werld. The sumberef radie- Fig.
isotope products offeved for sale has grown from emly two: Carbom 14

and iodime 131 to wore than 100 st present. Durimg this time, the
techniques of manufecturing, handling, and shipping lergs smeunts of
highly purified radioisetopes have beenm developed te the point whers

most of the operations are mow vedtine and similar in meny resspects to
thoss of othar industries.

A primary objective of the redivisotope development program is to
devise preduction techniques for all useful radlofisotopes with half-lives
of sufficient lengthio permit distribution. This cdjective has been
largely sceemplished, altheugh new products are still baing added to the
cataleg of radiotsotepes svailadle. Comntimuing efferts are aimed at
fincressed radiochamical purity, lewer ceosts, and a higher specifis
activity for all radicisetapes distributed.

Mmeng the milestenes of this program cam be listed & great msumber
of achiovements. Firet s the sxtremely repid development of isotope
techaslogy during the past 135 year peried. Secemd, ¢f esurss, hes been
ths great advance in availability of fectepes not omnly in mwmber and
quality but equally as fmportemt, in dependable supply and reduced
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costs. Third, {s the pioneering and product leadership provided by
Cosmission factlities in developing isotopes, isotope compounds, radio-
chemical services, special types of sources, imnstrumentation and safe
handling devicas.

Anofhct milestone in the program was the completion of the Fission Fig.
Product Development Laboratory for the separation and purification of
kilocurie quantities of important long-lived fission products. Research
and development of radiochemical processes on a pilot plant scale is one
of the impertant functions of the Osk Ridge National Laboratory. Initially,
the Fission Product Development Lsboratory planned to produce imdividual
fission products intermittently during the year as the needs arose. Today,
it s apparent that the demand for these products is larger tham ianitially
anticipated and additional equipment has been iunstelled in the Fission
Product Development Laboratory to increase the availability of all
principle fission products. The Fission Product Development Laboratory rig.
currently has the capability for separating the purifying up te ;:g:
500,000 curies per year of cesium 137 ss well as separation and puri- Fis.
fication of 250,000 curies of stroatium 90, 4,000,000 of cerium 144,
and 500,000 of promethium 147 plus gram quantities of technetium 99.

Another milestone in the radioisotope production distributioa pro- rig.
gram is the Radioisotope Process Development Laboratory which will be
completed late this c¢calendar year. It will be used to develop new
processes and equipment necessary to improve the availability and

purities of the more than 100 radioisotopes routimely available for

research and industrial applications. It will also be used to develop

LA
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larger and improved acurces for industrial and research applicatioms.

Today, the business sssociated with radioisotope usage is growing
in sixeable proportiocns. Commissien facilities are beceming producer
wholesalers of radioisotopes with commercisl f{rms purchasinmg bulk
quantitic; for redistribution and reprocessing of the isctopes into
labeled compounds, certified drugs for direct medical use, and other
manufactured radiation and energy devices, The continuing growth of
the redioisotope utilization i{s illustrated by Tables I and II in
Apendix A,

The growth in isotope utilization through 1958 was accomplished
with little advertisement or promotional effort. Howaver, now that
compercial advertising and promoticanal efforts have fmcreased the
public swareness of advantages and benefits of radistion applications,
sales of radioisotopes in demestic and foreign markets has accelerated.

The existence of several institutions and commercial firms both
here and abroad devoted to the task of produciag and distributing
radioisotopes and related services means that a certsin rivalry inevit-

ably has grown up. We feel that competition is good since it serves teo

stimulate us and hastens the day when menkind can enjoy the full benefits

of successful nuclear energy. The Commission, bowever, is sot trying
to compete with the several institutions and many industrial firme
both here and abroad that are providing radioisotopes and related
sexvices. In fact, we do very little advertising, we provide no field
services, we price radioisotopes such that iadustry is encouraged to
snter the business, and we go so far as to provide technology and with-

drav from some of our wmost profitable and productive services in order
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te foster private participation. In fact, mo organimation will do so
much or go so far as the Commission does to assist {ts competitors.

The Commission follows & policy of furnishing materials and services
only when they are not reasonably available commercially. As the private
industry has grown, the Cemmission has recognised the development of
commercial sources of supply by gradually restricting its own role as a
supplier. Industry is mow in a position to furnish a number of materials
sud services formerly only available from the Commission. Prior to 1950
nearly all tagged compounds ware prepared in Commission laboratories. Im
1949« to 1950 the Commission gave financial assistance to the development
nacessary for the synthesis of selected labeled compounds by private
groups. Once private groups obtained the appropriate techmiques and
experience in preparing these materials the Commission in 1955 withdrew
from providiag them. Today, hundreds of different tagged compounds are
stocked, and made reutinely availahble by dozens of cowmpanies.

In 1958 the Commission withdrew from providing cobalt 60 ancapsula-
tion services in favor of more than 10 companies who notified the
Commission that they were prepared to encapsulate large cobalt 60 sources.
In 1961 the Commission withdrew from providing cobalt 60 reasonably
available from private reactors in keeping with its policy to withdraw
from providing materials and services reasenably available commercially.
The Comniesion also discomtinued providing gamms radiation services
to private groups. Mow more than 120 academic and industrial organiza-
tione have their owm radiation facilities and many of these are willing

to perform irradistion services for others on a commercisl basis,
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curie or less in quantities greater than 100,000 curies.

In 1949, cesium 137 was svailable at s price of $50,000 per curie.

New facilities and processes make it possible to sell cesium 137 at
prices as low as $1.00 per curie in large quantitfes. Similar examples
of price }rcductiona can be cited for other radioisotopes and substantial
price reductions are still possible as sales volumes incresse in the
future.

The future trend in radioisotope prices, however, is somewhat uncer-
tain. Although substantial price reductions ave possible 1if the Commission
were to remain the sole supplisr of radioisotopes, private producers and
foreign suppliers are competing for radiofisotope markets that were formerly
supplied by the Coemissfon. The Cosmission could, of courss, enter into
sctive completion and becauss of ({ts unique facfli{ties and capabilities,
renain the sole domeatic supplier of radioisotopes. But such action
would be eontrary to Cosmission policy aud Section 81 of the Atomic Energy
Act. Thus we appesar to be approaching & point wherein prices for
radioisotopss may have to be held high snough te encourage private pre~
duction sad possibly incressed to resover costs of production and dis-
tribution as the Conmission withdrsws from providing thoss radioisotopes
available from private producers.

The major problem we face {s that fadustyry {s enly taking over those
radioisetopes providing the bulk of revenues which ensble the Commissionm
to supply & complete service at reasounabls costs to radioisotope users,
leaving more tham 95% 0f the radioisotepes which are not large volume
sales fitems. The net effect may be & meed to increase the prices of the

remaining redioisotopes supplied by the Commission to recover some of
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¥ ontiers

Developmeant to date in applying radioisotopes and radistion to
fncrsasing uman well being and to sconomic gains th¥ouzh progress in
industry represent only the beginnings of what can be accomplished. The
contribution of this new atomic power tool to scientific work s broad and
coutinuous. The Commission through i{ts research program regularly supports
agricultural, bioclogical, medical, physical and chewmical projects in
applying radioisotopes and radiation. These and othar projects require
the davelopment of improved radioisotopic products and processes to keep
pace with the changing needs of sciencs. ;

Higher specific activity radfoisoteope preparations are oftem needed.
Additionally, development of mew applications sad techniques utilizing
radioisotopes also continwes to require improvemeat in the safety, quality,
quantity and eost of mthbh} tadfoisotope peoducts. For exsmpls, to
study & biological system usimg radiocisotepes, it usually i{s necessary to
employ very hijgh specific setivity preperations to avoid undesirable
side effects because biological systems in particular sre extremely sen-
sitive to “‘poisoning” by inert materisls. More wide spread use of
radioisetopes in tracer applications requires development of new shorter
half-11ife isotopes. Potential spplications using radiation aand heat
emergy, on tha other hand, requires development of new snd improved
processes capable of economically recovering large quantities of long-
life fissien products.

In addition to mew and expended uses of relatively small amounts
of radioisotopes for such operations as trecing and gauging, direct
use of the ionising properties of high intensity radiation in production
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procssses {s under development. The irradiatien of a chemical system
produces & varisty of changes, depending both on tha system sand ths time
of irradiation. Rediation has alresdy demonstrated specisl application
in improvessnt of polymers, sterilization of druge, pharmaceuticals and
preservation 6£ foods. Jlonizing vadiation alsc represents & new and
potentially an important source for process energy. Since radiation
directly produces & variety of ions, molecular fragments and excited
molecules, it provides a new tool to supplement pressure, tsmperature
and catalyst in qhemical systems.

Both the U. 8. Army Quartermastsr Corp. and the Atomic Energy
Commission are plounsering technology for radiation preservation eof foods.
Relatively low doses of radiation can imhibit the growth of microdes for
days or weeks during the ususl conditions of distridbution and storage
of psrishabls foods. Low dose preservation would in particular reduce
the necessity for fressing parishable foeds that are to be sold within
& short time, and extend shelf life. The Army's sterilisation program,
designed to improva logistiecs and acceptability of military ratioas,
may ultinately have civilien applications. These programs although in
an sarly stats of devalopment, require research irradiaters with
as much as 100,000 guries of cobalt 60 snd wp to 200,000 curies of
cesium 137 for experimental studies cun ths sffects of radiation and {ts
ability to preserva foods. The U. 5. Army Quartermestsr Corp. s alse
completing eomnstruction of a fecility which will contain & 1,000,000
curie cobalt 60 source.

In additien to the fascinating progrems underway to develop the

radiation poteatials of radieoisetopes there are sven mors fascinatiang
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programs underwvay that show considerable interest im the heat generated
by fission products currently stored in underground wasts tanks. Isotopie
power and heat generators have particular glamor emd practical application
in remote regions where logistics of maintainsnce sud service are costly
consideraticns. 1lsotopic power devices offer long-life reliability,
unattended operation, compact size eand the sole mesns for providing power
in certain envircnments. Potential spplications for isotepic power devices
include; suxiliary power ia space, remote navigation sad weather monitering
stations, deep ses ocesnographic probes, navigatiea bouys, mnd under-sea
power supplies. Radioflsotepic hasat seurces glse have interesting poten-
tial for supplyiag hast te Arctic imstallations and equipment, for the
desalination of water im isolsted regicus, sad for subterranean heating
spplications such as the vecovery of viscous oils frem oil bearing sands.
Rach of the sbove mew frontiers utilizing atomic power tools iz en
sxciting program but ths development of processes sad products to meet
the nseds of these new applications is truly the big challenge and greater
scientific sdventure.

Ixocess Development

Kost pesple are impressed by largs things. TYhersfore, bafore w
discuss the challenges of separating magacurie quamtities o¢f tha fission
products or the fabrication of massive radistion sourees, I would like
to firet discuss precess amd productiom developments thsat are making
availsble mew radioiseteopes for resesrch and medicine.
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Syclotren Produets

Cyclotron preduced radioisctopes have much potentfial in tracing
applications. Improvement in the production and svailability of these
products i{s one frontier that has gome unchallenged for toc long a period.
Recently the Commission completed the Oak Ridge Isochromous Cyclo::oq which
will be used solely for resesarch to study nuclear phenomens in the largely
unexplored energy rsgion between 20 and 100 Mev. The 86" Osk Ridge cyclo-
tron has besa turned over to the Radicisotope Production Program and
essentislly all of its time is mow available for the productiom of radfe~

| fsotopes. Although the Cosmission withdrew from providing processed
radioisotopes produced by cyclotron irradistiens, thl Commission eontinued
to irradiate targets for industrial suppliers end thus remained the primary
source of cyolotron produced radioisotopes within the United States because
private imdustry has not provided a veliable source of supply for these
radioisotopes, independent of Commission facilities. Coasequently, the
Cosmission, in order to support &his facility through revenus from sales
of cyclotrem produced radicisotopes, will now have to increase the utili-
ut}a of the 86" eyclotrom via increase sales of these radicisotopes.
It i{s antictipated that with some additiensl work on target development
snd promotion ef these radioisotopes, that the availability and eost
of cyclotrom radioisotepes can be signifiecantly fmproved.

actor ts

In addition te development of cyclotrom production, technology for
improved producticn in resctors {s being puraued om seversl frontiers.
Isotopic enrichment of stable and radiosctive muclei, higher flux
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reactors and comtinuous production methods have potential for new, high
specific activity radioisotops products.

Isotopic earichment of radio-nuclides by electromagnetic separatiom,
thermal diffusion, electromigratiom, or burn-out of unwanted nuclides i{n
high naut?on fluxee introduces new possibilities for the use of extremely
high specific activity radioisotopes in all scientific fields. Isotopic
surichment of stable nuclel and frradiation in high flux reactors also
snhances the availability of high specific activity radicisotopes. Isotopes
produced by (n,J0’) reactions such as cobalt 60, or fissfon products such
as krypton 85 are associated with large quantities of stable isotopes.
Kilocurie quantities of cobalt 60 could be enriched to specific activities
of about 1,000 curies per gram and cesium 137 could be separated from
stable cesium fsotopes with a three fold increase in specific activity.

The greater specific activity obtained by enrichment of the radio-nuclide
can find improved usefulness in such applicationas as teletherapy, xadio-
graphy, and isotopic power devicas.

Another interesting potential tecimique for reactor production of
enriched radfioisotopes involves fixation of the stable nuclei éntoc an
fnorganic rvesin and elutfon of the radicactive nuclei from the resin
after {rradiation. This technique postulates that the emergy absorbed
during radionuclei formation will break the bond fixing the original
stable nuclei onto the resin. Thus greater eacichment of the radionucled
may be obtaimed because a large percentage of the stable nuclei will remain

fixed on the resin during elution of the preduct radienuclei.
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Isotopic enrichment of etadble nuclei has also resulted in consider-
able {mprovement in the svailability and quality of many radiéisotepss.
Tor more than ten years there was sn urgent demand for the 4.5 day
calciun 47 radioisotope for use in diagnosis and therapy ralevant teo
bone csncer. Electromagnatic enrichment of calcium 46 and neutron bom-
bardwent et high flux to produce calcium 47 by s Ca-46 (n, ¥) Ca-47
reaction, now provides a relstively high specific activity calcium 47 on
& routine basis,

Included in the nev frontiers relevant to resctor usagse are studies
of burn-up in ultra-high flux resctors and investigstion of the produstion
of radiofisotopes mot mow svailable by the use of (m,p)s (n,7 )4 (n,20)
and triton reactiesns. Contimuous ‘radioisotops factories”, such as
in-pile loops to circulets target materials threugh the reactor are slse
under study for possible production of higher specific activity earbon &
and fodine 125. For sxample, todine 1235 is produced by irradiation of
xemon 124, either astural or enriched, by the following reaction:

Ze-124 __(n, ') 5 Xe-125 1!i gg > 1~125

The use of & loop to eirculate menocn provides & means of removing
the menon 125 frem the reactor, thus prsvemting the less of fodine 123
by burn-up (4 1200 b) to lodine 126. In additien to producing & higher
specific setivity preduct, the in-pile loop permits recireulation of
the tsrget materials and thus has petantial for lewering production costs.

Iissisa Products

In additien to rescters and scceleraters as sources for radioiectaepes,
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the streams from processed spent resctor fuel are reserveirs of large
quantities of fission product radiofsotopes. The tens of megacuries
of cesiun 137, ecerium 144, premethfum 147 and strontium 90 being pro~
duced snnually have long been recognised as a potential valuable source
of radiation and heat energy. The possibility of recovering these
valuable radioisotopes has been enhanced through process development
studiss conducted in the Fission Product Development Laboratory. This
facility has also provided large kilocurie quantities of the major
fission products for source and application development studies.
Bowever, Lf large scale utilization of fissfon products are to be
developed, never and leas expensive processes hsve to be dsveloped.
Higher specific power sources are baing demanded for suxiliary
power devices. Prowethium 147 must be free of promethivm 143 and alse
fres of vare sarths. Stroatium 90 sust be low in strontium 89 content
snd free of carium 144, darium and calcium to wmeat requirements for
ninioum weight shields snd maximum power density. Tha weight of berium
produced in fisstiom {s about equal to that of the streatium. The
weight of calofum induged during the processing eof reactor fusls may
be 20 to 40 times the weight of the strontium. However, the chemistry
of caleivm, stroativm and barium is quite similar. Thus, batch pre-
eipitation processes for producing ultra pure strontivm $0 er separatisa
of pure promethium 147 from rare saxrths sre imprastical. Here thean L8
ths challenge. PFirst, to get rid of undesiradle radioisotopes, the pro-
duet must be stored a fuffictent time to permit the undesirabls muclei
to decay. Second, new and mors sconowical processes must be d_cvnlq«
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to achieve the higher purity products now desired. Work om development
of ion-exchange technology and solvent extraction technology shows con~
siderable promise aad potential to meat changing needs for higher purity
fission products.

Processes have already been developed to meet gurrent and short
range future needs for fission products. Crudd fractions of cerium lé4,
promethivm 147 and strontium 90 are curreatly being isclated from the
Purex waste stream in large quantities snd cesivm 137 s being recovered
from the waste supermates stored in underground tanks st Henford. These
cruds fission product fractions, of course, sust ba further purifiad to
obtain the desired high purity fissiom product radioisetopes.

Qepium 144

~ Cerium 144 is recovered from the Purex faffinate stresm by precipi-
taticn of cerium smnd rare esrths as a cerium~rare esrth double sulfate
at & PR of #0.4 using sedium sulfate and darteric scid. Ths tartaric
scid is used to complex from and prevent fts precipitation. 1f further
faitial separation of cerivm from rars earths is desired, the abeve
cske ean be dissolved md the coxiwm separated from the rare earths

by & peroxy-scitate precipitaticn. Rither preduct may then be shipped
to Oak Ridge for further purification. Cerium is purified by bateh
extrection with di(2-eshylhexyl) phespheric acid selveat to remove
yttrium and rare earths. Tha cerfum is then precipitated as an exslate
aad calcined to eerium oxide at 700°C. |

Zromethium 147
Pollowing removal of the rare earth fractiem from cerium, promethium



is purified by iom exchange separatiocns. The rere-sarth fractions are
absorbad on Dowex 1 resin snd sluted with citric acid. Extremely good
ssparation of promethium 147 {s obtained by this method, Ion exchange
systems using ethylene diamine tetrascstic acid (EDYA) end di-ethylene-
triamine penta acitic acid (DIPA) have also been developed for separation
and purification of rare earths. Solvant extraction systems using tri
butyl phosphoric scid (TPP) and di(Z2-ethylhexyl) phosphoric acid (D2EHPA)
for purification of promethium are being developed at the Oak Ridge
Natiounal Lsberatory.

Sgrontiwm 50

The purex raffinate streem i{s processed through a lead carrier sul-
fate precipitatisn step snd a carbenste-hydroxide matathesis step to
TeCOvVEer & soncentrats mix of stramtium, cerium and rare esrths. Strountiwm
1s separated from the cerium snd rare sarths by an oxslate precipitation.
The semi-pure strontiuwe fraction is then sent to fautsrim storage to sllow
the strontium 89 te decay. The aged strontiom is then purified by either
fon exchangs eor solvent extrasetisn processeas, the latter befiug the newer
and better process.

Large kilecurie quantities of stremtiwm 90 were purifisd using
fen-exchange equipmsut in the Rmford Righ-Level Radiochemistry Facility.
In the first rwn, & mixed copper-hydrogen cycle was ussd to odtain a
sharpsseparation of strontium from ecerium and calcium. Nowever, ths
cerium and yttrium that collected behind the copper caused sa intense,
localined radiation that reduced seme of the cupric foun to metallic
eopper and also caused severs gassing, channeling and partial plulging
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of ths columm. This was an unexpected cccurance and illustrates the

kiande of unusual thimgs that make hot chemistry 8o much different from eold
or tracer level chemistry. To eliminate the above difficulties, calcium
was used as the restraining fon in the second run snd {t proved very satis-
factory. The stroatium 90 product is essentially free of cerium, celcium
and barium.

The Osk Ridge Rational Lsboratory developed a solvent extraction process
usfag 4{(2-ethylhexyl) phosphoric acid (D2EBPA) as sn sxtractant. This
process was modified and adopted by Hanferd for uss in the Hot Semi Works
pulse~columns. The aged crude strontium fractiom is trested with 50%
axcess sthylens dismine tetraacetic acid (EDTA) to cemplex irom and lead
and then the feed stress is adjusted Co & pH of shout 4.2 The feed stremm
is countarcurremtly comtacted with 0.4 4i(2-ethylbexyl) phospboric acid
plus 0.2 tri butyl phosphoric acid in Shell E-2342 diluent. Under thase
conditions, all the strontimm, caleium snd abeut 107 of the cerium preseat
ia axtragsted by the solvent. Sodium and other umdesirable wmetal {ons are
stripped from the solvent by & 0.6} citric acid scrub stiresm, pH 2.6 to
3.0, introduced at the top of the first columm. Stromtium is removed by
sounter current eontsst with I} citric seid in the stripping columm. The
salcium, ssrium and sther vars sarths vemain in the solvent. A twe cycle
solvent gxtraction system produces sn ultra-purs stromtiuve 90 product.

The di(2-athylhaxyl) phospheric acid solvent extraction system is
being studied at Osk Ridge Natiomal Lsboratery. This system shows excellent
potential fer econsmical direct recevery of ultra pure produets of
strontium, cerium, promethium and selested rare earths from Purex waste

atTeams .
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Cesium 137

Cesium 137 with & very low cesium 134 centent is currently being
recovered from aged waste supernatss presently stored {n underground
waste tanks at Hganford. Ths weste suparnates contain cesfum 137. The
strontium 90 and rere earth fiseion products are mostly in the sludge
at the bottom of these tanks. The supernate is centrifuged to remove
particulate matter, and pessed through sn inorganic ifon exchanger wherein
the cesium 137 1is absorbed and concentrsted on the fom exchange bed. This
casium recovery operation is & relatively simpls process and cesium ab-
sorbed on the fon sxchange bed can be transported in & ssfe manner, 1In
fact, this 45 exectly what we are doing today.

Four hundred gallous of Decalse, an alumine-silicats compound costing
about §700 par tem, is contaimed inside a Shielded Tramafer Tank. Super-
aate wasts is passed through the Decalso until 307 of the cesium bresks
through. At this point, the 400 gallons of Decalso contsin epproximately
30,000 mﬁubof cesium 137 that are ready for shipment to Oak Ridges.

The eesfum 137 is eluted from Decalso at Oak Ridge with 8 ¢o 10
volumes of 1 N ssmenius sulfate, concantrated by mmounius alus co-erystalli-

| satien, purified by a cesium chloxoplatinate precipitation step, snd con-
verted to the cesium chlorids powder.

The above, of course, just briefly skimmed over the ares of fissiom
predust proeess develepment. In doing 8o, we have discussed accomplish-
ments sand only hinted at what s still uncomplished. Righ level radio-

chemical processing is still an imfant. Oxidation resgents decompose, 80
de ton exchange resiang Snd selvents, foreign substances are formed by
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radistion, and the hot atoms somatimes won't precipitate as readily ss

eold atems. All these prodblems {n addition to the usual prodblems associated
with remote hot cell operation {llustrate that no radicchemical process

i3 a provem process until demonstrated in & full scale test.

Much additional research amd development must be done &t both Osk
Ridge and Hanford befors economical processes will be developed for the
isolation and purificstion of meagacurie quentities of fission products on a
rottine production basis. The recovery of fissien products aleo affects
reacter fuel reprocessiag and waste disposal systems and thess facters
wust be explored to optimize the ecouomics of the whole systes. Further,
fa addition te development of new processss, nev equipment must bs develeped
to meat the requiremsats of new process techmology end product handling.

The high radfation levels snd associated heat generated by large
quantities of concentrated fissiom products truly represents pilomeering
of new technological fromtiers. Development of high yield, low cost solvent
sxtraction systems have potsntial for isclation of lomg life fission products
which ean be either safety stored for indefinfte periods or made available
for radiation and heat applications. Preliminary analysis fadicates
that it may be more seonowical and safer to isolate specifis long-life
fission products for storage as pure or semi-pure solids than it would be
to coucentrats snd caleine the gross mixture of fissiom products coantained

in the kigh level weste streams.
13 Deve t

Inereased imterest in radioisotopic sources for thermoelectric

genaretors, thermoionic generators, regemerative fuel cells, heat and
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radiation devices requires sn accelerated program to develop radioisetopic
products that will meet the ridged source safety requirements for these
new applicatioms. Currently, the {nterest in large scale fission product
sources is related to the use of stroatium 90, cesium 137, cerfum 144,

and promethium 147, depending upon the life and specific criteria of the
intended applicattion.

The increased interest in large hsat and radiation source applications
will require a better defi{mition of the physical, chemical and nuclear
characteristics of large fissiom product sources to i{nsures safe applice-
tion. For example, up until a few months ago, the actusl heat output asad
shielding requirements for large fissiom product sources had not been
mesasured. In fsct, radiatiom sources and heat sources are still being de-
sigued based upon decay schems data, caleulated power outputs and shielding
estimates rather thanm measured values. Additional research is needed to
obtain dats and sctual measursments to better define such omcé character-
istice as; specific activities, bremsstrehlung emission, practical power
density, thermal coanductivity, radistioa stability, thermal stability and
chemical stability.

Safe fasoluble radioisctope source sempounds and improved encapsulatien
techniques must aleo be developad to schieve a high degree ofdfilization
efficiency and safety. Not emly must the initial product compound have
chemical, thermal and rediatiom stability, dut sc wust the products of

radieisotope decay. For example, cerium 144 decays by:

! 2) 144
4Ce-144 0 v~ ' S amd, 0y -0
2 e a ) ae% 0y biamy 2 2T 7
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Consequently, very large sources of cerium oxide wmust provide for the
release of oxygen resulting from decay to neodymium. Similarily, changes
in chemical and physical product compositions must be considered in the
design and construction of other large radioisotopic sources. This in-
¢ludes, of course, source safety testing whereby designs of source con-
tainers and source compounds are proved by actual fabrication testing.

Current costs of source encapsulation are rather high. Improved
meterials and technigques of emcapsulation, such as slectroplhating, gas
phase deposition, metal and ceramic flame spray costings, and welding
mist be developed to expand the varfety of source configurations and ex-
tend the range of redicisotope source applicatioms.

In summary, the Cosmission {s continuing to pioneer new froutiexs
of technology to develop new, more ecomomical processes, products and
sources to meet the changing and advancing needs of scfence. Currently,
the Commission has the capability and technology teo provide a few maga-
curies of the varfous fission products st reasonable costs for developmeut
of radiation aad isotopic power spplications. However, counsidersbly more
research and development will be required before multimegscurie quantities
of fiesion produst radioisctopes csn be economically produced on a routine
production basfis. Ultimately, it may ba possible to produce strontium 90
for as little as 30 cents per curia, cesium 137 for less than 20 cents
per curie, and promethium 147 and cerium 144 for only a few cents per
eurie. Final fabrication of the radieisotope source, encapsulation and
transportation costs would be, of sourse, additional expenses and depend-

ing upom ths final form and specific design of the source.
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Conclusion

In the United States, the Atomic Energy Commission, because of its
spccuuu_d fnterests in the fields of fsotopes and radistion development
and in fission product utilization, has undertaken to pionear and develop
radioisotopic power snd {sotope technology to the point where further
commercisl scceptamece and application is feasible. The Commission has
also accepted a pubdlic responsibility for providing radfoisotopic materials
and services to the extent that they are not reasonably available from
sources of supply independent of ths Commission. Private i{ndustry, has
also responded to their public responsibilities through development and
promotion of radioisotope applications.

The Commission {8 uniquely endowed by the availabfility of excellent
facilities and persomnel to contribute substsntially toward the advance-
ment of both radiofsotops process and source development and utilization
development programs. Private industyy alse has unique skills and
technology mot vesdily svailable within the Commission's complex. A blend-
fag of these human and capital resources vis the Isotopes Development
Progrem permits & stroang, diversified effort toward the accelerated
development of newv applications and uses for radiocisotopes. Thus, private

" industry and the Commission by combiniang their critical skills snd
resources in a program full of scientific advemture have produced some
fascinating developments. In fact, the Isotopes Development Program is
suchk a fascinating, dynamic adventure, so f£filled with exciting poteatisl
developments that {t can mever b anythimg short of a success. Radio-

fsotopes are truly modern new Atomic Power Yools,
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TARE IV

f

I

! RADIOISOTOPE REXPORTS AND IMPORYS
1 (thousands of dollars)

{ Calendar Year Exports Imports

| 1952 $ 239 9 86

! 1953 522 170

F 1954 536 150

] 1955 1288 189

! 1956 206 514
1957 1367 823
1958 1534 908
1959 1283 1145
1960 1286 1394
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|
| zamE ¥

MAJOR 1960 RXPORIS AND DMPORTS
{thousends of dollars)

Exported to Imported From
Canada $ 132 41,034
United Xingdow 224 208
Belgium 122 107
France 112 11
Japan 140 e
Wast Germany 61 ~e
’ Argeatina 37 .-
Svitserland 54 .-
Italy &7 e
Others —332 P
Total $1,286 $1,39%
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§ TANRLE VI

| , ARC RADIOISOTOPE PRICKS / 1

Rad{oisotope 1951 1961
Carboa 14 $36.,00/mc $9.50/mc.
Cesium 137 12,000/¢ 1.00/¢
Cobalt 60 (<30 ¢/g) 1,650/¢ 1.00/¢
Tritium 100/¢ 2.00/e
Iodine 131 0.75/me 0.30/me

/1 In large quaatities, f.s., lowest price per umit.
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