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A peport by the Manapory % &Mwaﬁim offiae

'

THE FROBLEM

1, To determine the poasibvility of praniva nuolear reschor pro-
suckien of the radlolsobopos now belng made by ayolotron bombardmnts

BACKGROUND.

-

‘2, "Program for Produstion and Distritution of Cyolotrmeproduced
Tactopes,” ARG 198, wna apprﬁed Iy the Comnlsaion o Yarch 23, 1948,
Part "u" of the Commissim's action on AEC 198 was me followe:

"Requested thet the ataff work oub and report [ro-
coduves Yo insuro that whorever posaible, aa the
Commiaalon’s Tdachor progran dewelopn, isotopes

distributed by the Comissln ere reactorwproduced.”

3. Staf? paper, “Tho Procedure Used by tho Teotopas Divisien to
insure mmzmum of Henotorebroduced fathaer than wﬁlatrm-Promcod
Hedioiaotopes Thorevor pogsible,” ddspatohod February 2, 1860 indloated
that perilodic studies are omdueted by the steff of the Isytopes Divisicn,
Osk Riqge, to detormine posaibilities of production of oyclotren radlo-

saatopas in the uranium reactore This ia the first of & sories of
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pepers complying with this commiiment. Others will be propared as

improved new reactors bocoms aveilable for radiclsctope produstlion.
DISCUSS ICH

4. The twenty-five rediocismotopes approved for bonsi‘ble ayelotron
produstio (es listed in Appendix D of AEC 165) aret Beryllium 7,
Fluorine 18, Vanadium 49, Mangenese 52, Manganesze 54, Niskel E7,

Fenon 127, Lead 203, Astatins 211, Sedium 22, Iron 65 frees of Irom 59,
Irom 69 fres of Iron 55, Arsenio 73, Arsenle 74, ¥4-hour Eryptom,
Cobalt 66, Coebmlt 67, Cobalt 58, Silver 106, Iodine 126, Iodine 130,

Rhenium 184, Geld 1926, Thallium 202, and Eismuth 206.

Be 1;0 date, sleven of twenty=five radloizotopes listed above
have not. heen reported as produclble by neutron-induced reactioms.
These are: Jeryllium 7, Venadium 49, Manganess 52, Manganese 64
Iron 65 free of Irmm 59, Cobalt B8, Cobalt 57, Arsenie 75, Xeacoa 137,

Bismith 208 snd Astatine 211.

6+ Those radioisctopes which have been experimentally produced
by neutron irradlation through a (neutron, gemm), (noutrom, 2 neutrom),
(neutron, proton) or (neutren, mlpha) reestiom, togsther with
the reaction energies at which they were produced end known orcss

seotiona sre presented in tabular form:below.

HOObLLES
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Tgotops

F 18
i BY
As T4
Ap 108
I 128
I 130
He 104
Au 198
1 202
Fh203
¥r 79
Fe B9

Cao 58
¥ 22

Te

Reaction

F 18{n,2n}

11 58(n,2n) .
Ae 78(n,2a)
Ag 107{n,2n)
I 127 (n,2n)
Ca 133(n,*)
Re 185(n,2n)
Au 197(n,2n)
Tl 205{n,2n)
Pb 204(n,2n)
Kr 78{n,¥")
Co 59{n,p,)

Wi 58(n,p)}
¥a 23{n,on)

Abgorptinn
Croga Eection

0,27 b
92 mb
0.04 mbh
0.7 mb
0,006 mb

"nerpy of Bombarding
Neutrons

90 Mev
12.8=15 Mav
Fast

20 Uav

Fast

Pagt

Yiot glvem
Fagt

Fast

Hot given
Thermal

1

Fission {about 1 M&®
Fast

Fasgt ~' 1 Mevw

The Z4-hour isotope of krypton has recontly been sasipgned a

mass number of 79, Erypton 79 has been preducnad in the pile and the

isotopic crosa seotlon of Kr 78 found to be 0.27 barn., Krypten T8

hag & natural shundance of ,342%, Calculations show that if we

assume & flux of 2 x 105 thermal neutrons {piven as the highest flux

of the Hanford pile in FW14135}, saturaiion ectivity would be about

%.8 rme par pram of krvpton {Appendiz "A"). At S.T.P. thies amounts

te 15,3 microcuries per millilikor, Other radiclabtopes of krypton

would aleoc ba present. The nost objectlonable of these would be the

4,5 hour ¥Xrypton 85, The achivity of Xr #5 under the ehove conditions

would amount to 212 me par gran of krypton or 786 miorovcurise per

milliliter.

In erder to use the Kr 79 at least ons of itr halfe

livas would ba wasted in allewing the decey of Kr 85. One or mors

half=1lives would e used in packaginp and ehipping. In order to pro-

sura & ugsehls amouk

=B

1e, 40 me of Kr 79 would need
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%5 be present at removel from the pils. Thia would represeny a
volume of 4 litaers of target materiml. Therefore, +the volums of
zas oeeded to produce e usable amovnt of Er 79 would make ite manu-

facture very dif‘fic_uit in the proesent faoilities aﬂilnble._

8« The poseibility of producticn of oarrier~free Iron 69 in

the pille has been rather sxtmaively lnvastigated and a recommsndetion
prepared in MonC-142, the conolusion of whioh 1as

"In gemeral, it can be cmcluded that produstion of radio-

chemleally pure Fe 59 by plle irradiation does nobt compare

favorably with lte productiea by fast neutrons from the

oyelotrone In the latter ocame & yilsid of 10 mleorocuries

per hour can be schleved with & besm of 300 miorosmperes

of 14 Mev dsutarons ou a Be farget and 40 grams of cobelt

diractly behind the berylliume The Co 80 activity ia

nppruxima;uly 6 faghor of 10D pgreater than the iron sobivity

under thege conditions making sepsratiom o simple opsration.”
Thin oonolusion was drawn from the fact that the ratie of cobalt
ectivity to iron activity preduced under neutron bombardment is about
1,000 0 1. Thia would mke s saparstion of pebalt and iron diffienlt,
impracbicable and expensive from ths quantitative standpoint unleas

extramely lerge amounts of cobalt were to bs produced.

s Cobalt 58 has been produced by the Niakel 58 {n,p} reaction.

Production and separatio of any quantlty of Cobalt 68 in this manner




would bs 4ifficult, aince Mickel 59 is also Pormed from the (n,y)
reagtion on Ni 68, The orose mechtion For thermal neutrems of the
{0,Y)) reactim is 4.5 barns ae compared to 0:7 millgbarn for the

{n,p) resction,

10s Sodlum 22 bms been produced in the plle snd the crees seetlon
for i1ts production studled sxtensively. Héwam. besause ol the ;
oxtramely emall neutron absorption oross ssctiom for & {n,2n) rueﬂoq'f-.
0006 nillibﬁrn, the yield 42 wvary emalls Caleulations ahow that if ‘
one mols of sodium were bombarded ah Lhe highesk appropriate flux ?‘il

available for this resctim (6 x 1012 ae plven in BTI4136 for the l

. i
maxinum £1ux of D.6 to LS Mov neutrons in the Hanford pils) for ome !

month, only % mierocurles of ¥a 23 would results This would mean a

§
\

speoifio activity of about 0.4 microourie per pram of botal sodium.
A% saturation, the spsoific motivity of ¥a 22 would be only about _:
21 microsuries per gram and would bs wneuitebls for blologieal use,

it prineipsl wpplicetion, The saloulstions of yield mey be found

in Appendix "B",

CORRLUSIONE

11s The uranium nuclear reaciors presmtly avatlable for isotope
produation sarnot ecmomienlly make, in proper form, sy of the
cyolotroneprodused radioisotopes approved for distribution under the
Atomio Energy Commleslonte gyslotron program.
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LIST (F APFENDICES

APPENDIX "A" -
SATURATION ACTIVITY IN MILLICURIRS OF ERYPT(N 79 FER GRAM OF KRYPTON
ASSUNING FLUX OF 2 x 10LB TEEAWAL NEUTROGNS
APFENDIX "B"

PRODUCT N CF SODIUM 22 FROM 1 MOLE Na 2
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APPENDIX ™a"

SATURATION ACTIVITY IN MILLICURIEE OF

KRYP R GRAM TNG & FLUX
OF 2 x 1015 TIFRWAL FEORNE
Mo o= N4 OTHL - e"H'J
nTE 10

Mo = Mlllicuries

F-
a
¥

Humber of target atome

Croes gestion

1]

Fiux

Decay oonstant

L 1]

= Time (hours}

=
=]
13

5.02 x 10%% x 0,00342
8

O = 0.27 x 10~24
= 2 x 1618

1w e"’H-: 1 (saturation is desired)

Mo » 8.02 x 10%% x 3.42 x 1075 x 2,7 x 1026 x 2 x 1013
.4::10::3'?:(10'

8.02 x 5.42 x 2.7 x & x 108
Hed X F.7 x LOW

E]]

LR

I111.1
m\g- = 3,578 mc/gram

The density of I{rypton at S T.P- {0°C 760 mm Hg) is 3.708 grm
per liter.

. 4w
.-4_5' 5 a8

‘1 grem = 1000 = 266.7 mnnnters/gram krypton

UNAhLSH



e Ss.mration a.otd.vity of 1 gram of Kryptaou 85 {4.5 hour) assuming
& flux of 2 x 1043

¥o 2 B¢ (1 - AT )
X It
28

Ng = 6.02 x 10

x 5702
Uz 0,098 x 10724
Pz '2x1015

Mo = 6.02 x 1025 x 5,7 2 10~2 x 9.6 x 10726 x 2 x 1013
TTX 0 5T x 107 .

= 6.02 x 6.7 x 9.6 x.2 x 107
TIF 5T T I0r .

Me

-g% 10 = 211.9_

21149 mo per grem of Kr mt saturation

211.8 - .
: = 211,8% . -
e ——mfj—m 2z 795.72 miorocuries per milliliter

e

LOOBUES,
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APFENDIX "B"

FPRODUOTION OF SODIUM 22 FROM 1 MOLE Na 23

A3 UM T G A

FLOX OF & x l0ie

+
Hao 4

i1

NP1 - {a"_
a7 x LU

N, = No. of target atoma

(7~ = Croas section

dz Flax
t = Time {months)
Az Dacay oonstant
K, =~ 6.02 x 1095
006 mb = 6z 1030 barn
¢ = &= 10t

/1 = L6935 -
35 = 0.0183 ¢ = 1

‘Mo of Na 22 = 6.02 x 10%3 x 6 x 1030 x & x 1012 (1 - ~0.0188)

det x EUT

6.02.x 6 x 5 x,10° (1 - .98088)
T I0

1.8 x 107 x .01912 = 0.00929 mo or 9.28 “Fo
sl X ’

Specific sotivity in o z 0.408 ¥olg
au I

Saturation activity would be 21'{1"7/:@/'241'&:5.-; T
bR

SLUTTATE



