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slow neutrons at the lLos Alamos homogeneous pile for 2l hours.

Two large samples (many ouries) of LOh La”{o were ir-adiated with

The small .

amount of 3.7h hu‘l formed was allowed to decay to 28(1 Cem vhich vas then
radiochemically extracted and countede From the activity meaisured, the
neutron flux, and the known nalf-lives, a value of 3..11' 1.0 barns was cale
culated for the oross section of LOh 1alk0, 4n upper 1imit > about 40O

barns was found for the cross section of 12.84 Ban‘oo.

The thermale.neutron absorption oross sections of stable celk0 and
0911*2 were also measured and founé to be 0.27 ¥ .06 burns und 0,105 ¥ 018

barns,respectively, per atom of the naturally occurring elament.
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Neutroh Spsbrpthod.orivde Scotions

0f Radiocactive Lal®, Ball0 o3 Two Stable Ce Isotopes

Introduction

The activation method, which has been used oitensively for the
determination of oross sections of stable nuclei, hus also been applied in
soeveral cases to the measurement of neutron absorption cross sections of
radioactive isotopest!). One method of attack is to irradiate in a high
neutron flux a stable lsotope, S, which by u single neutron capture gives
rise to active isotope J, whose cross section is to be measured. Further
capture of neutrons by J yields radioactive isotope B which frequently has

an active daughter, C:

stable §—(R.Y) > active J (2,7) y active B
—{n,x) Y acotive C

The saturation number of atoms of J is given by

Ny = Ng (av) og (1/xy) ' (D)

where Ng is the number of S atoms, og 18 the thermal n(;utron activation
oross seotion of 8, A; 1s the disiategration constant of J, and (uv) is

the neutron flux. If the half.life of J is short oompared to the time of
bombardment and also %o the half«life of B, then the aotivity of B at ths end

of bombardment time, t, iz given by

AB - (1/7\‘;) Ns (nv)2 agoy (1« O-XBt) (2)

#pravinus panars in this series on tne oross sections of unstable nucleld
are listed in reforences 1 » 6.'- MR AL IR
(1) S. Katcoff, Flutonium P—-o,;eet.kecorduv&} IX B, 7:59.1 (19L6).
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By measuring 4y, (nv), Ng, aod t, the cross scotion of J, oj, oun be caleulated
from this equation. The aross section og is kumom or can easily be measured.
In cases where the tims of irradiation is not long compared to the half-life
of J, the above equations must be replaced by more general ones{?), It ahould
boe noted that the activity of B is proportional to the square of the neutron
flux. Sinoe it is usually more advantarcous to analyzs radiochemically for.
C rather thun for its parent B, account must be taken of the amount of C
whioh is formed by the alternate process involving neuktron sapturs by K, the
daughter of J(l) o BHowever, in the favorable cases where the half.life of C
is short compared to that of its parent B, this alternate process does not
interfere because C can be scparated radiochemically from B at periodic inter-
vals; Only the first extraction oan contain C which originated from neutron
capture by Ke All succeeding extraots can oontain only that C activity which
comes from ﬁ-dece.y of its parent B. |

The above 'nethod' has been asplled to several ‘redioastive isotopes.
The thermaleneutron capture cross seotion of 85m Ba159 was determined to be
%,8 X 1.0 barns (@ 3 upper limits of L70 barnsB) 200. barnsfw and 108

(5)

barns *°, have been set for the cross seotions of 75m Kr&", 17o'5m Rbaa, and

Sm Sr899

¢
-

(2) S. Katooff, Manhattan District Report €C-2908, (7 Apri] 19L5) ¢ Plutonium
Project Racord Vol. IX B, 7.59.4 (1946) -

(3) N, Sugarman and 4. Turkevich, Manhattan Distriot ROport CC-2;85
(15 Docember 19LL)s Plutoniun Project Record, Vol. IX B, 7.59.2 (1946).

(L) S. Katooff, #anhattan District Report GC~2739 (23 February 19L5) s
Plutonium Project Record, Yol IX B, 7.59.3 (19L6).

(6) Se K&tOOff ¥anhattan 5i&txtic!: RQ OI.G Cﬁa 30‘59 (15 Apx‘il 19&5) s Plu‘bonium
Projeot Record Vol. IX’.‘., ZesEas, LR ‘
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A slightly different mothod for measuring crosé sectionfof unstable
nuclei involves tho isolation of as much radioactive J as possible from its
source of supply and then irradiating it in & high neutron flux. The product
of neutron ocapture, B, (or its daughter C) oan be measured as above. In this

oase the aotivity of B at the end of bombardment time t is given by(l)

o)
A~ Ng T :J (@) (o=Ait - o~2BY (3
J= °B

where N:; 18 tho number of atoms of J present at the begimning of the irradia
tion, and T; and Ty are the half-lives of J and B, respectively. The activity
of ¢ arising from neutron capture by stable X (the daughter of J) is given
by the following equation:
N?, og (av) -AJt ~Act '
AC.T_T_TJ(lae )« T (1 -e }] (W
J < *C

where oy is the neutron absorption oross section of K. Equation (3)oan be
used to caloulate the cross ssotion of Jo. However, when the aotivity of C
is peasured instead of the activity of B and when the huif—'l ife of C is long
compared to that of its parent B, then the activity of C, which is formed by
neutron activation of K, must be subtracted from the toal activity of Co
This amount is calculated by use of equation (L)o |

This method has been applied in experiments with the heavy isotopesy

in setting limits on the cross section of longelived y Lo {0~8 barns to 80
10

barns) (6), and in mcusuring the oross seotion of LOh La 8.8 reported here.

2o °Re;.o:-;-13.€&§‘ - 389 (29 May 19L6):

(6) S. Katooff, Hanhattan [1s;
Phya. Rev. (in press)ou
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The nuclear procssses involved in tho latter were:
140 (ny) . 1L
Loh La 33e7h La®™".

g B

stable Colho (8,1) —y 284 Celm

A quantity of L4©Oh Lau"o, corresponding to a number of curies, was irradieted
at the Los Alamos "water boiler" for a period of 2l hours. Several days
later radiochemical analysis was made for the 234 colilt resul ting from the
irradiation.

Experimental Procedure and Results

Two experiments were performed: a preliminary one and a final one.

A determinstion was also made of the neutron absorption oross sectioms of the
two major stable oerium isotopes, Ceu*;o (39% abundan:a)and coth? (11% obun-
dance), because the formc:r had not been measured previously und the latter
had been measured only x:oughly”) @ For this determination 2.0g of Ce, &8s )
°°(N°5)3°6320’ was irradiated i‘or‘ one hour at a point in thé graphite 8" from
the edge of the "water boiler" sphere. A piece of uranium weighing 170ug
was used as a monitor for the neutron fluxe Three wseks of cooling wes allowed
for the 33h (293‘1*"3 to dscay to & negligible value. Then ths corium was
dissolved and aliquots were withdrawn for radiochemical analyses. Two samples
were analyzed for 284 Col¥ and two others for 13.84 Pril3, the daughter of

" 33h 001)'5. The decay of the samples was followed for éeveral weeks by means
of a mica~window bell-shaped Geiger ocounter. Aluminum absorption curves were
also taken of the activities in order to oheck their puritv and also for making
corrections to zoro abeorboro. ‘Qorreoﬁ;oq vag'y .Jso sade to 100% ocouater

T s m"“"a olT, FAnhattan Dis’criot Reab'rﬁ ‘c‘.'2739 (23 February 194s) .

T il el R e RELEASE
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geomstry ( by means of a standard), to 100% chemical yield, and for decaye.

The neutron flux was mneasured by analyzing the uranium monitor for the 12,84
Ball0 pig5ion produot. From the latter's fission yield and the thermal fission
cross section of uranium the flux was calculated. Then by applying equation (1)

the neutron absorption oross seotions which are given in Table I were caloula ted

Table I, Neutron Capture Criss Sections of Stable Ce

Natural Atom Isotopio Isotopio
Cross Section Cross Seotion ~ Abundance
m:-—mm =3 e
celli0 | 0.27 * .06 barns 0430 ¥ .06 harns 8 ¥
coll2 | 0,105 + ,020 barns} 0.95 £ .18 barns | = 119

Thess velues are for thermal neutrons if the fission cross section of uranium
and the oross sections measured here change by the same ratio when a purely
thermal n:utron flux is substituted for the avproximately thermal flux actuslly
usede This assumption is probably valid within the limits of error givoen.
The value listed here for Ceu‘z checks the tentative value of O.1 barn reported
earlier(7) for the natural atom cross seotion.

For the preliminary experiment to determine the cross section of
Loh 1al°, o solution of 12.84 BalM® was used which had been milked of its
Loh La daughter geveral times before. After tho last wilking four days were
allowed for wore LOh La to grow in. Then 10mg of stable La carrier wae added
and preoipituted‘with N¥aOH as La(OH) e This wes i‘tltefed, redissolved, and

preoipitatod twioe more as La(Oi-l); in order to purify it from 12.8d Ba. Then

R e . o oo o 0 000 oo
S o e o o o e o o o
e o o e 2 o o
L4 (4 eo . [ X o o
L4 e o o o [

90 000 000 000 9490 oo

60 000 o o00% 0o o o
o o o [ I ® 0o 0 @
e o 0 . . [ xd °
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a finel precipitation was mude a8 ‘lantranum "flucwoxalate®{®) These operations

were performed witn severa)l hundred curies of activitj by means of remote
control apparatus which was made available for this work by R Wo Spences

ost of the radlioactive Lam'o

was contained in a stainless.steel container of
0.020" wall thicknesso It was transported to the "water boiler® im a thick
lead shield and then transferred quickly Ly means of two 6? rods und a string
%o a position in the graphite 9" from the "water boiler" sphore. Two small
uranizm foils were used as neutron flux monitors. The sample was irradiated
for 2l hours at maximum pile powsr. However, a portion of the Lalho *as not
irradiated and reserved for comparison with the irradiated sampleo

After & twoeweek cooling period both samplesy were radiochemically
anslyzed, in duplicate, for 28d cen‘l, Lioh Lp,u‘o, and 12.8 Bau“'oo The La
analysis indicated that at the beginning of the irradiation 155 curies of LOh L
had been in tho pile and 6.5 curies had been reserved as a blank. In the Ce
anelyses it was necessary to reprecipitate 00(103) L eipht times to decontaminate
complately from the vastly greater activity of LoOh La.. Alumninum absorption
curves of the radiations from tho Ce samples indicated the prescnce of both
28¢ Ccm and 2754 cetbl, 1t became obvious that these isotopes were present
a8 small but inmportant impurities in the original metive Lau*o sanpless. A
small inorease in the 284 Colm, howover, was found in the irradiated sample.
This was used to oaloulate an upper limit of around 2 barns on the‘noutron
absorption coross section of LOh Lalhou The barium analyses indicated that an

140

appreciuble quantity of 12.58d Ba was also present. <his isotope can also

(8) G. Friedlander, R. Speids,fads RS G5 Sdognhardt, dr., Manhattan District
Report LA-557 (6 May 19L6)3, s
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absorb neutrons to give 18m Bam which d ecays to 3.7h Lallil and then to
284 coM". Thus an upper limit on the cross section of 12.8d B 140 could
be caloculated too. This was about 700 barns.

In the final experiment an attempt was msde to remove as much radiocs
active cerium a3 possible from the 12.84 Bau‘o solution prior to extraoction
of tne final LOh Lau*o daughter activity. A BalliO gsolution very similar to
the one used before was scavenged three additional tim;os by precipitating
Fo(OH) 3 four days before finally milking the Ian*o. For this, 10mg of stable
La carrior was again used but this time the two IA(OH)B reprecipitations were
done in the presence -o,f about 500mg of stable Ba earrier. This was designed
to further reduce the amount of 12.84 Bam’o carried along. Subsequent .opm'a-
tions were essentially identical with those of the previous experiment.
Although measurement with a radiation meter at the end of the milking operation
indicated the presence of about 230 curies, a similar meaﬁurement mado about
two woeks later indicated that only about 1/10 of this had been irradiated
at the wuter voiler. The radiochemical analysee showed that actually only
22,6 curies of i0h 1ati0 wes present at the beginning of the irradiatione
The most probable explanation 1s that most of the active Lo.n‘o was simken out
of tho stainless-steel container into the lead shield during the nine mile
Journey over rough roads from the remote control equipment to the'water boiler®,
Fortunately, howévor, the remaining 22.6 curies was sufficient for measuring
the croas scotion.

The radiochemical analyses for active Ce in both the irrediated and
un-irradiated semples indicated a consideruble improvement over tae pravious
experiment: Although activge :Co?a.? ned» asnpbotely eliminuted from the Iamo

samples before irradiation,.u Paepseisa-$aacdeln the amount of 284 Colll yas
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observed in the irradianted sample. This is clearlyseen from the decay
curves and aluminum absorptiom curves shown in Fips.l and éo The soft

part of the radiation is from 28d Gelll and 2754 chhh: the hard beta ray

is from 17.5m Prlhh, daughter praoduct of 2764 Ca. In Table IX the data are
prescnteds The time of irrediation was 24.0 hours, starting 7.9 how's after

the Lal40 was separated from the BallQ,

- I8 Co From | 284 Ce from] LOh La IOk Ia From
: rradiated Unirradiated from Irrediate Unirradiated
Sample La Sample La Sample la Saruie

(bserved activity
icorrected to 100% .
khemioal yield 5250 o/m 113 o/m .05 X1 o/n  $.989 X 10% o/
ad extrapolated , -
?o and of bombarde

rento .

Crrection to 1.42 1.42 .04 1.0
tro absorber

——dd "

jorrection to
100’5 counter 712 3.12 3,0l 3.04
yreometry : ’

Correction for .
zliquot (and to 2.50 26.5 1 x 106
qual amounts of

,0h 1e)
Gorrected motivity] 968 &/s 221 o/s .53 x 10 o/} 5.21 X 10104/

1 X 107

. forreoted number of ' L 17 016
Ftoms at Beginning! . 1.74 X ) 1.6 X 1

£ bombardmont

_—
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The data in both the second and third columns represent an
average of two aliquot samples; column L rep;resents an average of four
nliquots and the last oolumn an oi:yerage of three aliguots. The data of
colum 3 are based on the very poor decay curve shown at the bottom of Fig.l,
bﬁt‘fbrtunately these data affect the final result to only a small extent.
“he activity of 284 Cem which was formed by the neutron irradiation of the
La sample was (968 -~ 221) or 747 diainteg,rations/ seconds From this must be
subtracted 115d/s whioh is the activity of 284 Ceu‘l formed by neutiron actie
vation of the stable Cou‘o arising from the beta ciooay ‘_of Lon La.n*o before
and during the irrediation. It is assumed that easenti'any a1l of the stable
cerium was removed from the Bnmo solution when the latter wase scavenged with
Fo(oﬁ)s precipitations and that the col® whichn grow into the solution in the
subsequent four days was carried dovm oompletely withthe £inal separation
of Loh 1a*°, of the 115d/8, 1014/s was formed from the Cell0 whioh grew in
before the bombardnent and ll.g.d/ 8 from the Con‘o which érew in during the bombarde
mont. The latter quantity was ocaloulated by means of equation (l). Thus the
net activity of 284 Celm whioh arose from peutron capture by LOh Lall0 was
(747 - 115) or 632d/8. Then the oross saction of LOh Lau‘o wes calculated
from equation (3) after substituting the subsoript C for the subsoript B.
This is permissible because the halfolife of B (3.7 hours) is very short
comparod to the half-life of C (28 days). The neutron flux {(av = 5.87 X
1000 n/cmaseo) wag derived from radiochemicgl aha') yses of tho uranium monitors
for the 12.84 Ban*o, the fission yield of the latter (6.Th), the weights of

the monitors, and the known thermal fission cross section of normzl uranium.
150

The value for the neutron a‘d's.ér;s'ci@n césbis"sizf;:!;ion of la

38 then 3.1 barms,




APPROVED FOR PUBLI C RELEASE

s 8.8 0.t

probably reliable to within about one barn.
Discussion

The radiochemical analysis for 12.84 Ball i the LallO sample of
the final experiment indicated that much less of it carried through than in
the preliminary experimente Using the upper 1limit of 700 barns for the aroes
scction of Ban“o determined in the preliminary run, the maximum amount of
28a ceM? which could have resulted from neutron capture by Balli0 3¢ only
144/5 or only 2% of the amount asctually observed (6324/8)«  Thus it is clear
that the 28d Celm formed in both the f‘ina} and pre¢liminsry runs must have
resulted mostly from neutro'n capture by L4Ch Lau*o « Thorefore the uppsr 1limi‘;
for the oross section of Ball0 can saf'ely be lowered %o about LOO barns, at
least.

If the ignthanur carrier used in the experiments,had contained 75%
stable cerium as an impurity the same mmount of 284 Cem would have br2t

formsde A separate neutron liombardment was therefors carried out on s sample

3

of the carrier wilch was then analyzed for 28d Ce - . :On]y a very ss11
amount was found, indicating that the la carrier was of sufficieu..t yaritye
Another possible source of 284 Ceu‘d which could have .;mterfered ¥.th the
meagurements is a small uranium er plutoanium 1mpuri~by.l However, J:is would
also yiold 2754 Celdt as wel1 ‘a8 £ ce™l, In the final sampl: the 2754 Ce
activity would nave increased by 30% after the irradiation. I,stead, a
decrease of about 20% wes observed. {This apgaront decrease ray be ocaused
by the errors invclved in measurings the soft radiations of tre 2754 Ceo).

It seems improbable, therefore, that a significant amount o a fissionable

isotope could have contaninatec,fihe La!é‘o..ear,pb °

:
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