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ABSTRACT

Calculetions have been made on the production of "lightn
isotopes in a homogeneous pile and their possibls poisoning efiechs,
It appears to be improbazble thet a large poisoning loss will occur as
a result of the products of nuclear reactions on the lighty isotopes
in the pile. The physical constants of some of the isotopes produced,
however, require further investigstion in order to be assured of their
negligibility. The amounts of several isotopes of general research
interest which wili be produced in relatively lerge guantities have
been calculated.
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Lo ZRLROUCTION

A preliminary survey has been made on the production of Siighty
isotopes as & result of nuciear reactions in the proposed hoogeneous
uﬂit, This has been done for three reasons: (1) to csloulzie tae e =
soning effect of those isctopes whose physical constzants are ko Ui,

{2) to estimate the possible poisoning effect of those isobopss whose
physicel constants are partizlly or completely uninown in order 46 in-
dicate which ones warrznt further investigation, and {3) to indicate
scme of the isotopes of general research intersst which may be produned
in appreciable amounts.

The term "light% is used to distingulsh the isotopes in thie
study from the so=cslled "heavy" isotopes, i.e. elements of atonic rumoer
grezter than 0. The ”light“ isotopes considered are those formed frou
the chemricals of the reacior sclutions, the 5tructurai materizis of the
reactcr tank, end the catalyst added to the solution. The products of

iclear reactions with the fissionable materisl ¢tsuli the fission pro-
ducts and the "heavy" isotopes, have not been included in these caloulations.

{

Since preliminary calc lations“l) showed that the yields fron
alpha and deuteron reacticns would be ext remely low, detailed calcoulations
were made for neutron reacUions only (see Tables 1 - 4}, The direct pro=-
ducts and the decay products of {(n, ¥}, {n, 2n), (n, p), and {(n, ) re-
actions with 21l the stable isotcpes involved were 4=t9¢m1n&d The
poisoning effect or the cross=gection Lo give a peisoning yiieCe(d) nf
0.0l was then calculated for the products of these rsactions znd ths

daughters of these preducts.

IT. I1SO0TOPLS STUDIED

AL the present time two types of reactor solutions, twe cab-
alysts, and four tenk construction materials are under consiceration. Iin
evaluating all of them a total of 29 isotopes must be considered as the
starting points for the nuclear reactions.

From the two Jypcs of chemical solutions, {1} C.1 & “”LCQ ard
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(2) 0.1 M D ESOL,che following_isotopes L37e contributed: Na<?, ¢+27 ¢i3,
QLb» 0173 ols » 827, 524, and $2%,  From the two CatuLVQto
pelladium anﬂ yLi éﬁum} Lhe JQllOHlﬂu isctopes are uout ibpted: “* ,C
)t¢9hﬂ Ptl ;79 . 19 '\le;w? ed Cl‘x pd_i,i;f)} )H ./x_p d;.oa :..J"d igdmﬁ i
The four pOSulDle structural materials, beryiliium, =zlusinum, lead, ad
~ e Pl ? ? AR
co%3, 20k, py S.OC @07

=

~0¢umb§8§, contribute the isotopes ﬁe9g 1125, Ch:
and b

Section IV.
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II1. METHODS OF CALCULATION

The number of atoms of an isctope formed by a single reaction
in the unit can be given by the following equation:

- at ,
N = L5, M (l-e ) o
g
where: N refers to the number of product atoms formed.

A refers to the decay constent of the product isotope.

f refers to the neutron flux of the pile.

M refers to the number of atoms of the isotope expesed
to the bombardment.

6 refers to the effective cross-sectien for the rescticn.
t refers to the length of time the isotope is bombsrcsc.

In the case of an isotope of relatively long half-lite (i.e.
A is small), squation (1) simplifies to:

N OF Lok (2)

In case of a relatively shorit lived isotope, an eguilibriua
value is rapidly approached which is given by the expression:

N o= foy (3)
L=
The production of daughter isotopes by decay of these primery
isotopes was calculated by the fsmiliar equations. {cf. Rutherford,
Chadwick and Ellis) Equations (2) and (3) were the principal cnes used
to calculate the amounts of isotopes formed in the unit.

The term "polsoning loss%; p, is here arbitrarily defined as
the ratio of neutrons absorbed by the poisoning material to those which
react with U<3% to cause figsion. This leads Lo the following formulation
of the poisoning loss:

gy X Mg

where: T is the cross—section of the poison.
is the number of atoms of the poison exposed to %he bombardment.
/1P is the cross—section for fission of the fissionanle material.
P& is the number of atoms of the fissicnable material.

It is assumed that the poison and the fissionable materiel will both be
exposed to the same neutron flux. Since the denominator of the eguation
is known(32 the poisoning loss for any isotope cen be estimatzd if the
cross-section of the poison and the number of atoms of the poison present
are known or can be calculated.

QB)For U235(3} = 545 barns and ¥ = 4.4 moles.




In general, the neuviron cress-gention of stable isotores car
L= 3 *
z L

be estimsted, wheress those of radioactive isobopes are ardeiown.
2 &

In the cuse of the {n, ¥ ) reaction on the stable lsctepes,
the calculationa were straight-forward when the igotopic crose-sectior
was Koown. hen the isotopic cross-section ¥as not known bub the woteld
absorption cross-section of the element Wes Knowng Lhe crogs-—sect
which was used for the individusl lsotope was the maximum which i
could hsve, i.e, assuning that the cross-section determined for i
element was due entirely to this particuler isctope 47,

when the cross=section for the primery reaction was nown but
the cross-section of the radioactive product was unknown, the 2rogs~
section for the product igotope which would precuce a poisoning iosz of
0.0l was calculated. This quantity is shown in the tables. Thus, when
the number of atoms and the cross-section of the criginsl steble isoboue
are xnown, the poiscning effect for the stable isotope end ths crons-sso-
tion to give a poisoning effect of 0,01 fop the radloactiva produci
can be celculated (if the helf-life is known or assumed ).

In genersl, if the primary resction is other than (n, ), i.a.,
(n, p); (n, 2n), and {n, d\), the cross-section is not krown;, #1d hence tre
poisoning loss can not be calculated. In these cases the poisoning effects
of the stable isotopes and the radioactive preducts were estimsted as
follows: If o~ is the cross-section for the primary resction and O 5 s
the totzl neutr%n absorption cross-section of the product of this reaction,

L3 s » L3 v P B Lo .
the peigoning loss divided by 67Jy ®E " was calculsted if &5 WAS knowr.

; 1., A : .

If7, was not Knowa, then the g™ 7, which would give a poisoning 1oas

2 : 1 Y2 give & f 5o+
of 0.01 was calculated. Since the QTOSS”SSCthﬂjfﬁl reraly exreeds 1 barn
and will, in general, for the neutron znergies eacountered, be a small
fraction of 1 barn, the caleoulated values of p  will represent the

oy

maximum poisoning loss the isotcpe might produce, and the calculated
of &7 & will represent the minimua value of 77, which will give e

soning léss of 0,01,

In a number of cases, as yet undiscovered isotopes were assune:
to have formed. Since their half-lives were unknown, they were assumed
to be long-lived, making their poisoning effect a meximun. However,
daughters of such isotopes wers assumed Lo form as if the perent isotope
was short-lived, again to maximize the peisoning effect.

The pelisoning effect cof short-lived malerial was calculated jor
the equilibriwn concentration of that lsotope. For the long=lived materisd
the poisoning effect at the time of its maximum concentration, i.e., 3
days for isotopes in the solution znd two years for the isotopes in the
structural material, was calculated.

(4) 7 .. Yor the individual isotope = dﬂé(for elemeat, )

Hax
isotoiic abundance
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Values of physical constants were tzken principally from Lae
Froject Handbook.

Tt is pertinent to note that in genersl a neutren lo: s will notb
be sustained from reactions such &3 (A, n), {d, n), (n, 2n) w.ere &
nevtron is emitted following the capture of the incident pavtizle. jven
if the isotope produced by this reaction possesses a high neufroa cross-
section, there will be no net loss of neutrons. Cnly if the product of
the second reaction in addition has an extremely high cross-seztion will
& neutron loss be experienced. Thus a reaction of the type H2{d, ﬂ)He3
would not adversely affect the neutron economy, and would probabiy have
a beneficial effect.

For these calculations the values of the cross-gections for
thermal neutrons cnly were used. The effective cross-section in the unit
might, therefore, vary appreciably, depending upon the degrze of resonance
absorption s a result of the difference of the actual neutron energy
from the thermal energy. Furthermore, in these calculations the neuiron
flux was considered to be equivalent for a1l isotopes. In reallity, the
neutron flux would drop rapidly in passing outwards from the cepier of
the reactor soluticn. The calculated results for the 1sotopes in ths
structural materisl will, therefore; tend to be aigh by a factor of about
two or thres.

IV, ASSWMEDR OFERATING CONDITIONS

Operating conditions were assumsd to be as followa:
(1) = y=35 concentration of 1.03 g/l.
(2) & total volume of 1000 1.

(3) A total power level of 10 megawatis, giving an average
slow neutron flux of 1,8 x 10 neutrons/sec/cm?.

(4) A spherical shaped coiler 51t I.p. uging one of the
following construction meterials: 17 thick veryiliuwg, 0.3 cm of aluminum,
0.3 em thick lead backed by 0.3 cm of aluninun, or 0,032 cz of columbium
backed by 0.3 cm of aluminua.

(5) The chemicals in the boiler solution being ejther 0.1 M HelCo,,
or A M DstAQ ”

(6} Catalyst concentration being 50 mg of either palladiuw: or
platinum per Liter present as & colloidel suspensicn in the solution.

(7) Complete purification of the reactor solution at intervals
of 30 days.

{8) Tank construction materials changed after a period of 2 years.



Vo NUCLEAR REACTIONS INVOLYING CHARGLD PALRTICLAES

Because of the presence of U235 and pu<3? both of which dec:

e [ » £ W - ay
by alpha emission, a number of alpha projectile reasctions are conceivable.
fesuming thyl the uranium in solution will be 504 U238 sng 508 4235, and
that the Pu 29 will be allowed to form and accumulate for 30 deys, the
UR3> will give rise to 75 alpha diginte ration/sec/ce, and the pu3d?
about 107 disintegrations/sec/ce. (U°3h wiyy give rise to ca. 2000/sec/cc).
Since, however, the alpha particles will lose their energy extramely
rapidly through ionization processes in the sclution, the alpha flux and
hence the production of isotopes by alpha recctions will be essential ly
negligible,

Deuteron reactions are 2lso conceivable as a result of the prococ-
tion of these projectiles by reccil of the deuterium present in the solu-
tion from collisions with the fast neutrondd/. In this process the deu~
terium gains energy from the fast peutrons in average lncrements of
approximetely ©/2 where ;) is the energy of the lmpinging neutron. Lecording
to calgulations by H. Soodak of the Yhysics Division, it appesrs that
ca, 10 deuterons/sec/ce of energy above .5 mev will be produced in the
solution. The life tiire of & fast deuteron in the solution is approximately
107 secongs. It thus follows thet ca, 1030 fust deutercns/sec,/em? is the
meximum flux th:t can e expected with 2 smsll fraction of ihe geutercns
having energies above 1 mev. Using this velue as the deutercn flux and
consldering one bsrn as the maximam crogs—section obtainable under these
conditions for the deutcron reaction, it can be shcwn that H and OL9 zre
the only isotopes present in sufficient quentity to form a product which
might cause an apprecizlhe poisoning. {It was further assumed Lthet pno -
isgtope that gight form would have a neutron or ss=gection in excess of
10° virns. )

The {d, n), (d, p) eand (d,0) reac jons are those most likely
to tuke place. The {dy, n} reaction which might be expected to ocour to a.
apprecizble extent would not adversely effect the neutron economy. The
{d, p) reaction would give rise to the same product as an (ny, &) reection.
the lstter cccuring in relatively much greszter yield. The high coulomb
barrier for the (d, 3,) reaction together with the relatively low znergies
of the deuteron projectiles effectively serves to minimize thut reaction.
For these ressscns &nd the scgrecity of accurste deta, 09 detalled zale-
culetions were performed for the isotopes produced by charged pariicle
reactions,

VI. I:BULATION OF RESULTS

In tabulating the results, the imopcrtarce of the various isotoous
is compared by calculating one of the following: (1) the pelsoning loss
{2} the cross-section recuired to give a poisoning loss of 0.6, €3) the
product 07 ¢7 required to give a poisoning loss of 0.01, vr {4) tae
quotient pﬁfia The choice of the expresszion used for couparison dependa

T oy v

( éFast denterons, up to energies of 8-10 mev, inay be procuced by collisicns
with fission frsgments. This scurce would not be expected to furnish

encugh deutercns to produce a significant aumber of reascticns.




on the physical quantities which zre unknown. The relutive im.ortince

of in isotope is ascertazined oy the size of the poisoning loss or the nra-
bebility of its having the crogs-section (or cross—-sections) calculabed.
Fer exemple, a cross-section of 102 bexns would be extremely urilikely

fer an (n,eA) reactisn but relatively probable for an (n, X} resction.

whenever pructicable, any uncertainty present in the dota, is
reflected in the tebulated results in such & menner as Lo presenti the
maximum effect on the chain reaction.

In Table 1, the number of moles of the isotope present, in the
unit is tabulsted in column 2. The isotopic cross~section is listed in
column 3 when known; otherwise the maximun cross-section the isotope can
have is listed\®/)., The poisoning loss of the stable isotope x 100 is
listed in column 4. The product of the (n, ) reaction and its half-
life is listed in columns 5 and 6 respectively. In column 7. the neutron
cross—section which the isotope in column 5 must have to cauze a poisoning
loss of 0.0l is shown. The decay products and half-lives of the isotope
in column 5 aye listed in columns 8 and 9 respectively. The isobepic
cross-section is listed in column 10 for the final stable isctope. In
column 11, the poisoning loss x 100 of this finsl product is calculated
for those cases where the neutron cross-section can be estimated. In
column 12, the cross-section which the isotope must heve to give rise to
a poisoning loss of 0.01 is calculated for those isotopes for which no
cross—section dazts are available.

In Table 2, columns 2 and 3 list the product of an {n, 2n) re-
action on the isotope in column 1 and its half-life. Column 4 lists the
product of the two crogs-sections which the isotopes of celumng 1 end 2
must have to give rise to =a poisoning loss of 0.0, The deczy products
and their half-lives are listed in columns 5 and 6. The isotopic cross=-
section is listed in colwan 7. In column 8, the poiscning loss x 100
divided by the cross—section for the {n, 2n) reaction is celculabed for
those cuses where the isotopic cross-section in eolunn 7 can be estimaied.
In column G, the product of the cross—sectlons of the iszotopes in cocluans 2
and 5 necesszry to give a polsoning loss of 0,01 is calculated,

In Teble 3, columns 2 and 3 list the product of an {n, p; re-
action and its helf-life. Column 4 lists the ~roducts of the cross-sections
of the isotopes in columns 1 and 2 necess:ry to give rise tc a polsening
loss of 0.01l. It was not necessary vo m:zke any rurther calculobions for
Lhis table due to the fact that 211 the isotopes formed Lhrough the
(n, p) reaction inveriably deccyed by beta emission back Lo the criginal
isotone,

In Teble 4, columns 2 end 3 list the product of the (n;3,) re=
action and its half-life. Celumn 4 lists wherever known the isotopic
crogs-section of the igotope in column 2. Column 5 lists the poisoning
loss x 100 divided sy cross-section of Lhe (o, reaction, J7; and
column 6, the products that the isotopic cross-section of the isctopes in

-~ Y

columns 1 and 2 must heve to give rise %o a poiscning loss of G.Cl. In

Wolg— T

max a
isotopic zbundance

4
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Table 1

Polsoning Effects Caused by (n,¥) Reactions

1 2 ! 3 I A 5 ; [ 1 a 9 10 11 12
{— A ¥ (moles) '0" Isotopicll/ 'Poisoning Aeld ‘ Ti of 0" Which Decay Products of @~ Isotopic\l/[ Poisoning [Q Which
: Z of Isotope i (barns)  Loss x 100 Z 1 Ael Will Give of cay (barns) Loss x 100 | W11l Givef
i A : 100 p ‘ z p of 0,01 Ael Products of} 100 p 'pof 0,04
' z (barns) z : ZA +1 ] | (barns)
11he? 100 0.45 1.88 Na2h . L.8hr 38X 10" ug2h E stable  O.45(max) 4.0 x 107k '
s 99 0.005(nax) 1.88 x 107 & stable - - - - .
P 1.1 0.41(max)  1.88 x 1072 cLb 25,000 v L.l x 10° [ Nk  stable 1.7 1.7 x 10711
o° 55,000 0.00(max) 208 o7 stable - % - . - -
8o17 2.4 2,4 (max) 2,08 ot® stable - - - - -
0 112 0.00022 1,03 x 107 ot? 29.4 sec 1.3 x 10T 7 ! stable 0.01 448 x 10
JH° 110,000 00065 2.98 W 23 yr 720 He’ ' stable unknown - 5.8 x 10°
16577 95 0.47(max) 1.87 LEES stable - - - - -
16533 0.7k 61 (max) 1.87 3 stable - - - - -
1653“ 4.2 0.26 b6 x 2072 $35 7.1 days 1.3 x 105 a¥ stable 44y (max) 6.1 x 10"
165 0.016  2800(max) 1.67 7 unknown 1.1 x 10° a¥ stable 0.61 5.3 x 107
,Be 28,800 0.01 - 12,0 Be'? 107 yr 7.5 B0 stable 3525 1u x 107°
13u27 1580 0.23 15.2 ae 2.4 min 1.8 x 10° 5128 " stable 0.24(max) el x 1072
ucr)” 160 0,01 6.7 x 1072 b 66 min 1.4 x 10° uo%% stable 30(max) 2.2 x 1072
82Pb2°“ 13 12(max) 6.5 pp20% data 13,7 14205 " stable 31 0.23
inconclusive
szbZ% 205 0.76(max) 6.5 pp207 stable - - - - -
gPb 197 0,80 (max) 6.5 28 stable - - - - -
82Pb208 L55 0.000L5 8.5 x 1073 o207 3,32 hr 3.8 x 10 p12%? stable 0,016 1.6 x 107
hépdloz 0.0038 620(max) 9.7 x 1072 pat®3 unknown 2.2 x 104 rp103 stable 150 6.8 x 107
EnCy 0,044 54 (max) 5.8 x 107 pal®® stable - - - -
L6Pd105 0,106 22(max) 9.7 x 107 pat®® stable - - - -
4P 0.128 12.3(max) 9 x 1072 pat”’ data 2.2 x10° 227 stablel?) 2.2x107°
“nconclusive ;
LeFal%® 0.126 1241 6.3 x 207 pat®? data 3.4 x 10b g9 stable 108 3.2 x 1072 T
inconclusive : H
LoP L0 0.063 0.63 1.7 x 1072 paltt 26 min 1.5 x 107 a2 7.5 days - - ,3.6 x 106§
calll _ stable 23,000(max) 1.8 x 107 | i
I 0.002  1900(max) 0.16 P! umknon 1.3 x 106 1192 stable  650(max) L9 x 207 ;
qaPtt o 0.077 50(max) 0.16 ptl? stable - - - - - a
Gt 0.0% 12(max) L0:16 pel% stable(2) . - - - - - l
78}%196 0.068 4.5 1.3 x 1072 pt197 3.3 day’>) 1.0 x 108 a7 stable 105 6.3 x 1070 i
I 0.018 L3 3.3 x 107 pel99 A mn 6.2 x 108 a9 3.3 day - - Ll x 10(’5z
Hgl99 stable 3000 4.5 x 1073 !
: i
$9) |

(2)(maX) after value indicates O'max was calculated (ef. Section IV),

Stable Ag1°7 possibly possesses a nuclear isomer which decays by isomeric transition with a 40 second half-life,

419
(3)]?2?5%3 Pt

possesses a nuclear isomer whichdecays by isomeric transition with an 80 minute half-life.

consists of two nuclear isomers. To maximize the poisoning effect, the longer lived one, 3.3 day, was used in the
calculz tion, : .
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Table 2 '
Poisoning Effects Cauaéd by (n, 2n) Reactions
1 2 3 N 5 6 7 T 8 9
A A-1 T; of g to Decay Products T, of Decay Isotopicll) 100 p g~ O
2 Z éI\ -1 éig:‘?p of of A-1 Phoducts of (barns) 1 gi%e pzof
z 0,01 z A-1 0,01
(barns) Z (barns) }
! ¢
11N523 Na<2 3,0 yr 5.1 x 102 Nezz stable 2 3.9 x 107k
! | |
Noas ot 20.5 min | 7.5-x 10 gt stable | unknomn - 51x10°
6013 c? stable ; - - - i - -
o o’ 126 sec | 1.3 x 10 | 5 stable | <0.00002 2.1 x 1074
17 16 ; '
g0 o] i stable ! - - i - : - -
018 O17 : stable E - - | - i - -
‘ ' ; f -1
NS H | stavle - - - 0.3 6.6 x 10
2 i 8 ! 1 ) -
S CEE 3.2 sec 3.0 x 10 = | stable . 0423 42 x 107
2 ‘ E i '
N 6533 s> stable - o= R - -
1653" s33 . . stable | - - - - -
165% s 87.1 day 9.1 x 10° a® stable 44y (max) 8.9 x 107
bBeg Be® &1 sec He stable very low
. , 2
13A127 a1%° 7.0 sec 8.3 x 100 ug26 stable 0.048 3.6 x 10
Lle93 cb7? 11 day 6.0 x 10° Uo7? stable 20(max) 1.5
el data 164 73203 stable 0.3 1.8 x 107>
inconclusive
206
I S data 10.5 74295 stable 3.1 0.3
inconclusive
207 5
P“pb f szo statle - - - - -
208 ., 207
B“Pb Fb stable - - - - -
192 0
kb?d Pdl)l unknown 1.4 x 107 Rthl . unknown - - 1.4 x 107
Ru10L stable 35(max) 2.6 x 1070
6 n -4
Lékdloh Pd103 ) unknown 1.2 x 10 Rh103 stable E150 1.3 x 10
L 6:»>le5 patOh stable - - - b= -
bbpdloé pdto? stable - - - - -
5 . -
m,)Ple;Z a7 data 4ol x 10 add  stablel® - 1.2 x 107
1 10 inconclusive : _
LéPdl 0 g unknown 8.1 x 10° g’ stable 108 1.3 x 10
9 a9 “known 2.5 x 107 1pi9l  stable l000(nax) 4ol x 107,
5 1 * oy
ettt unknown 6.7 x 10 I’ . stable l650(max) 9.8 x 107%
1 1 i ?
g t 9 Pt o stable - - : - - - ;
78Pt1% pt195 stable - S L. - -
E { : : :
e LI 3.3 day(?) 1.8 x 107 ! a7 ! stable 105 3.8 x 207
! S
i

(1)see (1) footnote in Table 1.
3See second footnote to Table 1.
See third footnote to Table 1.

(2
(3
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Table 3

Poisoning Effects Caused by (n, p) Reactions

T 2 T m
z (z - 1)A ! 71 g oS
(barns)
11Na23 Ne?3 L0 sec 2.3 x 107
o CL* B 7 0.022 sec 42 x 1010
6013 z B13 | unknown i L6 x 104
40%° N 8 sec 3 2.1 x 10
8017 N17 i unknown % 2.4 x 103
8O18 N18 i unknown s Leb x lO2
1H2 - E - Z -
162 p3? : 14,30 day P 1.0 x10° i
16333 p33 g unknown g 7.0 x 10% !
1653“ pt  unknown ’ 1.2 x 10" :
16536 P36 unknown { 3.2 x 108 é
hBeg Li9 | unknown - Telh X 10—'2 \
13A127 Mg’ . 10.2 min 9.5 x 10%
thb93 Zr93 : 2,5 min : 3.8 x lO6 g
o 2Pb20h ot 4.23 min © 2.2x 100 {
82Pb206 11206 . 3.5 yr T 12,5
g Pb> 71207 ' 476 min L 165 ’
82Pb208 11°08 3.1 min 1.1 x 10° |
hépdloz p102 . 210 day 1. x 107
P Rh1O% 4.2 mintd) 8.4 x 107 :
hépdl% i % 5.3 x 107 |
thd106 Rh00 unknown 4.0 x 10°
hépdllo i Rhllo j incogiiisive | Bt x 105 5 )
; i
78ptl92 Irl92 { incogiizsive 0 107 E
AT N { data 6.7 x 10° |
; { inconclusive i
Pt 1’ \ unknown 5.7 x 10 j
2gPt 1% ; 119 | data L 7.5 x10° ;
| ; inconclusive | g
%ePtlgs % Ir198 f unknown % 2.8 x 106 5
!
j

! | i

| | ;
\L/RhIV4 consists of two nuclear isomers. The maximize the poisoning
eflect, the longer lived one, 4.,2min, was used in the calculations,
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Table 4
Poisoning Effects Caused by (n,qf ) Reactions
1 2 3 4 5 [ 1 8 9 10 11
A - Tﬁ of Q" Isotopicll) 100 p a"% gy to Decay of Productd T, of Decay sotopicdld 100 p ﬂ-io—z to
z (2 -2) A-3 (barns) oy give p of 0,01 of Pfoducts of (barns) oy give p of
(z-2) (barns) A-3 A-3 0,01
(z - 2) (z-2) (barns)
1M F20 12 sec - - 7.7 x 107 Ne 20 stable 2.2(ax) B3 x107°| -
o Be’ stable 0,01 . 1.9 x 107 - - - - - -
o3 ! pel® 10 gr ( - - Leb x 10% 10 stable 3525 b2 x109 _
i . I -1 !
: Q16 ; 3 stable D Oukl(maxMu.l x 107 - - y - - - P -
: i ; . ; : : -10
Lot ot 25,00 1 - - P x10d ! N i stable 1.7 B.1 x 10 -
! g | ; ‘ ; : ! | !
i 8ol Pt [ unknown ; - - 4.6 x10° ' N5 . stable ! 0.,00002 L..z. x108 -
k : | , : : , ' ]
e ‘: r, : ! '
P b 29 : -3 ‘ ) i
(163 P8t stable 3.5(max) 6.5 x 107" 4 - - - - b= -
4 :
1165 1% stable 011 b x107 - - - - - -
1163 st 170 min - Po- 2.2 x 106 p3l stable 0.23 - 1.9 x 1077
165%¢ 5133 unknown - I 3.2 x 100 33 unknown - - 3.2 x 10°
! 53 stable 6l(max) 1.9 x 107 -
B¢’ He 0.8 sec - Lo 4.0 x 10° 116 stable 825 11,000 -
Py 2 _
151 Na ™ 14.8 hr - - 1.1 x 103 ugoh stable 0.45(max) 3.4 x 107 -
9 .
R 90 60 hr - - 2,7 x 10 P statle 7.3(max) 5.5 x 107% -
204 201 , :
BZPb He statle 3820(max)- 23 - - - - - -
' -2
aft> 13 data - - 101 1203 statle 0.3 2.6 x 10 -
inconclusive
82}\b207 ngob starle 0.37 3ok x 102 - - - - - -
g i Hg205 5,5 min - - 642 x 10° 11205 stable 3.1 0,67 -
béFleZ £u?? starle 47(max) - 3.4 x 107 - - - - - -
) -
AéPdl( Lo g9 stable 35(max) 3.0 x 1077 - - - - - -
1C5 102 -7
L:,)Pd Ru statle 0.25 5.2 x 10 - - - - - -
AéPdl% ' L2 day - - 5.1 x 105 #nt03 statle 150 8.1 x 1070 -
WP Ral0® L5 br - - L5 x 107 Rp1O5 36 hr - - 5.6 x 10°
‘ Pdlo5 stable - - -
L} dllo H.ulo7 data - 2,1 x lO5 Rh107 unkriown - - 8,1 x lO5
ke inconclusive : 107 5
: ra data - - 2,1 x 10
- I inconclusive
agt?? stabli(z) - 6.0x107 -
19« =%
gFt csl™ stable 62(max) 2.5 x 10 - - - - - -
73“19" osl? 36 hr - - . 1.1 x 107 1rt9l stable 1000(max) 1.6 x 107> -
. T stable 53 94 x100 ) . - ‘ - - - - -
Pt 0sl?? 17 day - - 9.2x10 ; 1r193 stable 650(max) - 8.6 x 1074
! 1 H
78”198 Os 9 unknown - - 2,8 x 106 1rl95 ! unknown - - 2.8 x 100
‘ pt195 , stable - -

(1)See footnote(l) in Table 1.
(2)See secord footnote to Table 1,
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¥11. QUANTITILES OF JISQTOUP.S FORMED

It is possible to estimate ths production of an isotepe from

its "poisoning loss®. The homogeneous unit, when operating at the 10 Kw
_ievel, will destroy through %the fission process ca. l.1 mcj«s <35 per
month.  Thus, any isotepe ceusing 8 poisoning losgs of 0.C1 will produce
.01 moles of the new isotope per month. If the pOiSOﬂ;lg loss of the
igotope under conaiderztisn is muitiplied by 1.1; the number o7 moles
of the product 150Lope that w*ll form per month in a 104 Kw unit will be
obtained. These calculations have been carried cout for a few oif the
isotopes and sre listed balow:

S
7

(1) H” An one monbh, (o033 moles (0.1 gm or 520 caries} of
H” will be produced.. the reaction H%ln, ¥ JHS. Each grey of
will have 0.3 mchog“Jms of H3 associzted with it or 3 x 107 nota diSL
integrations per minute,

5 . 3 ' "): J
{2) 8% - ihe 87 day 577
cno s ) ez lb
will be produced in considersble o ¥
ZSJ is Lgc'u From Table 1, it ia noted thal a poisoning less »f iy
T6 % 1077 dis experienced in its prcd c; ons This means thot 5.1 x o7
P Lo~ N . 5 . B -
mo1*a ar 750 curdes of 527 will bLe produced per month. hach %rea of
: of 52 =zssocisted

uwmdbfﬁéﬁhﬁgy

@ e
- X L QL
‘<, _t‘ ;
ouantity provided a resctor golution of

f
in the unit will have §

{3 iﬁzﬂ*hﬁimly mﬂﬂﬂﬂ;&D?
uzntity of the 14.3 day in P3
<in, p}“j* reaction. The jﬁg
of carrier. Agsuning ai effective cross-sectl
of 3.00% barnk 7, and correcting fu“ Gecsy, O.

o %

P 5
of . LPA7 4 ¢ produced in one month,
15

a conslderable G
solubion by a 3°

Y

a3

; %

\]( n

i N
f dl*l*grm

cr

{n, ¥ ) resctic s . can alasg
by an {r;e j rsacstd yield
but since M7 is approximately 20 times
may represent z algnificant contribvition.
be enriched aith O from the (n, ¥ setlonm by aboub cns gz
Thus, every zgram of ceorbor from this sclution wiil have agsoolodod with
approximately 150,000 veta disintegrations per minute.
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Y E Cohn westimuted a cross—section of =2 x 10 7 buras for the
{0, pJ poe reaction in the Clinton plle.
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(5) Be ” = Considerable qusntities of the 107 year Be'Y will
form in the reactor tank if it is contructed of beryliium. in 2 vears

Lot

ca. 38 grams or 0.13 curies of ,pelQ will form. Each gram of the stable
Be will have 0.33 micrograus or 10° disintegraticns per minute of pet®
assoclated with it,

[6) Na22 = Similarly the 3 year Nizz may form in the NeDCO,
reactor sclution by the (n, 2n; reaction onlﬁa 3 issuming en efﬁectivé
cross~section of 107 barns for the above reaction, 4.8 x 107¢ moies or
0.55 curies of Na®? will form in_one month. Each gram of steble nac3 will
have 0,05 microgrems or 5.4 x 10/ disintegraiions per minuted of [jal?
associated with it. /lthough sbout 1.3 x 10° curies of Naé will be pre-
sent in solution at the end of one month toghether with the Na 2 znd %he
steble Na23, a separation can be achieved by permitiing the sclubtlon to

cool. Uue to shori hidlf-life of Na?b {1A%8 houra), the Nash s
would drop to less than I that of the Na®< activity in s perisd of appros

imately 15 days.

VIII. CUNCLUSIONS

Cn examining the results in Section ¥1I, it is seen b}
large poisoning effect can be expscted with certaiaty frow the pi
of nuclear reactions on the "light? isotopes in the homogenecu

i.e., the calculations reveal low poisoning losses in all cases
the physical constants are known completely.

It, furthermore, appears unlikely that a large poisoning 1o
will be experienced in these cases in which the physical constants ape
not all known. Some of these isotopes might become jmportant, nowever,
if an_unusually high neutron cross-section were to gppear as in the case
of Xe+32, several isotopes are here listed which may merii further in-
vestigation.

Depending upon the yield of the (n,o() regction on a Be? to give
He” which decays with a half~-life of Oa8£seco to Li7, an appreciable poi-
soning loss may be experienced due %o Li° (0 = 825k). Lven if the af-
fective cross—section for the (n,ol) reaction is az low es 1G4 har
pelsoning loss of 0.01 will be experienced in 2 yeers.

feal™)
-

A3

Similarly, if Li9 has & half-1ife of the order of days, if the
effective cross-section for the Be? {u, p) 11”7 resction is 1077 barns,
end if Li7 has a capture cross=section of 10 barns, a poisoning loss of
0.01 will be experienced jn 2 years.

T12053 '1‘1‘206‘9 Hggals PbZOE, and perhaps c¢ther lsotopes Iomed

from Pb are also among these isotopes which would need relatively low
crogs=sections Lo cause an appreciable neutron loas.
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In general, the isctopes formed from platinum and sall are

%,

present. in insufficient quantities to contribute much to tho polsoning
effect, although they have rather large neulron cross-sectiors.

Furthermore, the unit will produce a number of "light" isotopes
4 2 B & :
of general research interest., some of them pure and some of fthuy

may slso produce, depending on the physical constants,
hitherto unknown,
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