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A roport by the “anngur, idge Operatione office
THE PROBLEM

1. To determine the poasibility of uranium nuolear resctor pro-
duotion of the radiolsotopes now being made by ayolotran bombardmente

BACKGROWND

2. "Program for Producucn and Distribution of Cyolotrm-produood
Igotopes," ARG 195, was was spproved by ¢he tomnisgion on March 23, 1840
Part "b" of the Commiesion's action on AEC 198 was as follows:

"Rgguuvod that the staff work out and reporh pro-
cedures So insuro that whorever possible, as the
Commission's reactor program develops, isotoped
alatributed by the Commissim ere reactor=producsde”

3, Staff paper, "The Procedure Usod bty tho Isctopes Divisicn %o
Inaure Distridbutim of Renotor=Froduced Father than chloﬁrm-?roducad
Radiofaotopes Wherever Pogsible,” dispatchod February 2, 1960, indicated
that periodio studies are cmduoted by the etaff of the Isobopes Division,
oak Ridge, to determine poseibilities of production of ayolotrm radio-

jsotopes in the uranium reactors This is the first of & serios of
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pspers complying with this commitment. Others will be prepared as

improved new reactors become available for radioisctops production.
DISCUSSION

4s The twenty-five radioisotopes approved for bosafnlo oyolotron
production (as 1isted in Appendix D of AEC 195) saret Beryllium 7,
Fluorine 18, Vanadium 49, Manganese 52, Mangenese 54, Nickel 57,
Xenon 127, Lead 203, Astatine 211, Sodium 22, Iron 65 free of Irom 59,
Iron 59 free of Iren 55, Arsenioc 73, Arsenic 74, 34=-hour Kryptem,
Cobalt 68, Cobelt 57, Cobalt 58, Silver 106, Iodine 128, Iodine 130,

Rhenium 184, Gold 196, Thallium 202, and Bilamuth 208.

5e I;o dats, eleven of twenty-five radloisotopes listed above
have not. been reported as produeidle by neutron-induced reactions.
These are: Beryllium 7, Vanadium 49, Manganege 52, Manganese 54
Iron 65 free of Iron 59, Cobalt 56, Cobalt 57, Arsenic 73, Xemon 127,

Bismith 208 end Astatine 211,

6+ Those radloisotopes which have been experimentally produced
by neutron irradiation through a (neutron, gamm ), (neutron, 2 neutrm),
(neutron, proton) or (neutron, alpha) resotiom, together with
the reaction energies at which they were produced and known oross

seotions are presented in tabular form:below.
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IsotoEe

F 18
Ni 67
As 74
Ap 106
I 128
I 130
Re 184
Au 196
T 202
Pb203
Kr 79
Fe B9

Co 58
Na 22

T

Reaction

P 15{(n,2n)

Ni
As
Ag

58(n, 2n)
75(n, 2x)’
107{n, 2n)

I 127 (n,2n)

Cs
Re
Au
T1
Pb
Kr
Co

Ni
Na

133(n,°c )
185(n, 2n)
197(n,2n)
203(n, 2n)
204(n,2n)
78(n, ¥")

59(n,p, )

58(nap)
23(n,2n)

Absorption
Cross Section

0.27 b
92 mb
0.04 mb
0.7 mb
0,006 mb

Tnergy of Bombarding

Neutrons

90 Mev
12.6~16 Mev
Fast

20 Mev

Fast

Fasgt

Not given
Fast

Fast

Not given
Thermal

1

Fission (about 1 M&
Fast

Fagt ~'1 Mev

The 34«hour isotope of krypton has recently been assigned a

mass number of 79, Krypton 79 has been producead in the pile and the

isotopic cross seotion of Kr 78 found to be 0.27 barn. Krypton 78

has & natural abundance of .342%. Celculations show that if we

assume a flux of 2 x 1013 thermal neutrons {given as the hiphest flux

of the Hanford pile in HW14135), saturation activity would be about

3.6 mc per gram of krypton (Appendix "A"), At S.T.P. this amounts

to 13.3 microcurises ppr milliliter, Other radiolsbtopes of krypton

would also be present, Ths most obhjectionabls of these would be the

4,5 hour Krypton 85, The activity of Kr 85 undsr the abova conditions

would amnunt to 212 mc per gram of krypton or 786 microcuries per

milliliter.

In order to use the XKr 79 at least one of iteg halfe

lives would ba wasted in allowing the dncay of Kr 85, One or mors

half-lives would be usad in packaging and shipping. In order to pro-

cure a useahle amoun

le, 40 mc of Kr 79 would need
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o be present st removel from the pile. This would represent a
volums of 4 liters of target materisl. Therefore, the volums of
gas needed to produce & usable amount of Kr 79 would make its manu-

facture very difficult in the present facilities available.

8¢ The possibility of production of carrier=fres Iron 59 in

the pile has been rether extmsively investigated and a recommendation
prepared in MonC~142, the conclusion of whioh isi

"In general, it cen be cmocluded that produstion of radio-

ohemically pure Fe 59 by pile irradiation does not ocompare

favorably with its produstion by fast neutrons from the

oyclotrons In the latter case a yield of 10 miorocuries

per hour oan be achieved with a beam of 300 mioroanperea

of 14 Mev deuterons on a Be target and 40 grams of cobalt

directly behind the berylliums The Co 80 activity is

npprcuimﬂ:oly a faotor of 10 greater than the iron aoctivity

under thegs conditions making separstion a simple operation.”
This oconolusion was drawn from the fact that the ratio of ocobalt
activity to iron activity produced under neutron bombardment is about
1,000 to 1. This would make a separation of eobalt and irem difficuld,
impracticable and expensive from the quantitative standpoint unless

extremely large amounts of cobalt were to be produceds

8¢ Cobalt 53 has been produogd by the Nickel 58 (n,p) reaction.

Production and separation of any quentity of Cobalt 68 in this manner
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would be difficult, since Nickel 59 is also formed from ths (n,y)
reaction on Ni 58. The cross section Tor thermal neutrons of the
(n.)/) reaction is 4.5 barns as éompured %0 037 millibarn for the

{n,p) reactim.

10, Sodium 22 has been produced in the pile and the oross sectlon

for its production studied extensively. However, beocause of the

. 1
extremely small neutron absorption oroes section for a (n,2n) roaetioq-.
|

0.0086 millibﬁm, the yield 1s very small. Caleulations show that if
one mole of sodium were bhombarded at the highest appropriate flux
available for this reactim (5 x 1012 as given in HV14185 for the
maximum flux of 0e5 %o 145 Mev neutrons in the Hanford pile) for one
month, only 9 miecrocuries of Na 22 would results This would mean a
specifioc activity of about 0.4 microourie per gram of bvotal sodimme
At saturation, the apeoific activity of Na 22 would bs only about

21 mioroouries per gram and would bs unsuitedle for biologicul usse,
its principal spplications The caloulstions of yleld mey he found
in Appendix "B".

CONCLUSINS

1ls The uranium nuclear reastors rresetly aveilable for isotope
production canmnot economieally make, in proper form, any of the
cyolotron-prodused radio;aotopea approved for distribution under the
Atomic Energy Commissionts cyclotron programe.
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APPENDIX “A"®

SATURATION AGTIVITY IN MILLICURIES OF
KRYPTON 79 PER GRAM OF KRYPTON ASSOUMING A FLUX
OF 2.x 1015 PRUAL REOTRONS

At

Me

n

Wl O - €
Se1 x LO7

Mo = Millicuries

N Number of target atoms

o

Cross section

Flux

Decay constant

)

—
¢
A
t

Time (ﬁours)

121

L

6.02 x 10%% x 0.00342
-8

o= 0.27 x 10724
= 2 x 1013

1~ e"H—: 1 (saturaticn is desired)

Mo = 6.02 x 10%5 x 3.42 x 10°3 x_2.7 x 10726 x 2 x 1018
~ T.ixI0x 3.7 % 10"

6.02 x 3.42 x 2.7 x 2 x 108
A X 5. X 108

"

é}}—&é—g— = 3,578 mo/gram

"

The demsity of Krypton at S.T.Ps (0°C 760 wm Hg) is 3.708 grams '

per liter. %

A 1

4t

1 gram = 1000 = 269.7 milliliters/gram krypton

4ynnhtsSh



Saturation aotivxty of 1 gram of xryptun 85 (4.5 hour) aaauming
& flux of 2 x 1013
AT ‘ - \

Mo -y\Né>~¢ (L=-e )
35 Tx 107

C 23
= 6.02 x 10
o = \6‘0 = x 5702

G~z 0.0968 x 10-24
@ = 2 x 1013

602x1023x57x10‘1196110"'26x2x10u

Mo =
Ced x 10 x 3.7 x 107
= 6.02 X §.7 x 9.6 x.2 x 107
5.1 5.7 0% .
Mo s

St = 10 = 211,90

' 211.9 mo per gram of Kr at maturation

211.8,
T000 : 211.8 x 3.708
B.708 D Uol¢o ummm—

= 795,72 mierocuries per milliliter

400b439
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APPENDIX "B"

PRODUCTION OF SODIUM 22 FROM 1 MOLE Na 23 - .
AFTE TH DOl NT ASSUMING A
: FLOX OF & X 101¢

LAt
NQTMl -0

de7 x 107

Mo )‘

N, & No. of target atoms
g~ = Cross section
¢z Flux
't = Time (months)
A = Decay omstant
Ny =- 6.02 x 10%5
G—= .006mb= 6x 10730 barn
@ = 5x 10t

A = 1693
TBE T 0.0183 t 2 1

‘Mo of Na 22 = 6.02 x 1023 x 6 x 10-30 x 5 x 1012 (1 - ¢-0.0193)

3.7 x 107

6.02°x 6 x 5 x.10° (1 - .98088)
3T % 107

L X]

= 1.8 x 107 x .01912 = 0.00929 mo or 9.29 “Fo
. x
Specific sotivity in o =z 0.404 Yole
om P

i d

Baturation activity would be 21“‘%@/8!‘&5-1 "




