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ABSTRACT

- 2
A ssmple of about 5 x 10 7 gm of Wp 29 was propared by slews=neutron

exposure of uranium depleted of U255 « An apparcnt cross section of 1392)9 for
slow-neutron fission of { lh:_h) x 10“& om2 was observed. Because of the possibili-
Ty that normal (undopleted) uranium may have been introduced as sn impurity during
manipulation of the sample this walue is interproted as indicating only an upper .

limit of - df(Np2-7’9) < 20 x 10" on®.
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SFARGH FOR SLON~NEUTRON-INDUGFD FISSION OF up259

=

The guestion whether fission of NP2§9 cén be inducad by sdow noutrons
scewed worth mnswerinpz not only te round sut ocur knowledge of Sransuranic ouckel
but also because & very large cross section for this pracess might conceivably bo
important in future very~higheintensity chaine-reacting instellations. In mnuldogy
with Paeﬁlp N§2§9 should not show slowspeoutron fission, Al3as, since szj? has an

239

{n,f) threshold of about LOO Xev , the heavier Np should certainly require

fairly-higheenergy nsutrons. :

Np2§9 was preparoed by slowencutron irradiation of U258 and the sube
sequont beta decay of v2%%, Uranium impoverishcd in the light isotopes vas used.
This has tho advantage thet the scmplo is less radioactive after bombardment,
making munipulgtion leoss cumbersome. Furthermore the danger of U235 contaminatica
sf the neptunive 48 correspordinzly roduccd. The ratio of the isotopes 2305235
in our sample was 3500, About 200 g of UO} propared of this material was exposed
in the Be0 tamper of the Loa Alamos "waterboiler® for three days of intermittent
operatien.

The chemical operation procedure was carried out with a view to obtain
neptunium free of wraniwn and plutopluwn., The UO} was dissollved in eonc§ntrated
nitric acid, a 3 percont sulphurous acid was added to reduce the neptunium, until

the solution was about 2M in }m% and contained about 2 gm/liter of uranium. 50

mg of lanthanum wu@ added, Tho solution waa made 2M in BF, precipitating LaF

3
apd the neptunium in the+3 state. The fluoride precipitate was dissclved by
LTI m———at
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fuming with sulphuric acid. The neptunium was then oxidi:cé;éuantitatively by
treating with O.5u KBPO3 in ¢ EZSQh for balf hour, This does not oxidize the
plutonivm which was then precipitated with the lanthanum carrier by adding HF.
The sugernatapt, containing the neptunium was taken to dryness and fumed with
'sulphuric acid. This cycle of fluoride precipitation with alternate oxidation
and reduction vas repeated three times, The last precipitation of the (reduced)
neptunivm fluoride was carried out with only 0.25 mz of lanthanum carrier, Be-
fors this last precipitation a small aliquot (about & pervent of the total) was
taken out. The fluoride precipitate was slurried and deposited on & platinum
fo4l. This was mounted in & smuall paralleieplate ionjization chammber for fission
counting. A fraction of the aliguot, 0.5 percent of the total neptunium, was
deposited on another platinwi foil which was mounted in a second paralleleplate
ionization chamber f;r alpha éounting.

Both chambers were filled with a mixture of argon and 9 percent coaq
The gas in the ¢hamber used for alphnefay counting was continuously purificd by
circulating over hot calciuwn metal, Identical "fast feedbaék linear amplifiers
wors used with the two chambers, The rise time {highefreguency cutoff) of the.
amplifiers was about 0,1 microseconds and the dccﬁy time of the pulsas was about
0.3 microscconds. This short rosolvipng time wms roguired to mvoid spurious pulses
due to accidental "piling wp” of a large number of neptuniwn beta reys., The
number of beta particles im the alpha chamber was about 2 x 210 per second sard 1im
the Timsion ohamber about L x 109 per second., The absence of pile=up pulses in
the alpha counting chamber was proved by placing a beta ray sourece of‘similar

strength into it. The fission chamber was placed in the graphite column of the
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waterboiler nnd exposzed to 2 meutron lux of about 10 neutrona/cmz sec, Count-
ing of both samples atarted less than four hours aftor the laatl sepapration from
plutoniun. No pulses were observed. In tho case of the fission counting chamber
no pulses were observed in the absence of =low noutrons, as wms demonatrated by
lowering the cadmiwn curtain in the graphite column.

Fig. I shows the counting rutes of the alpha ray and fission counters
as functions of the time after the last separation from pluteoniwm. The ccunting
rate of the alphaeray sample is rcpre.eented very well by the equatien

8% (220.7) + (25043) (1 = & *°) counts/ntn
and that of the fission countor

ny & (510 +50) 4+ (16600 4 200) {1 - o-at) counts /nin
where A is the decay constant of NP2§9' taken to be 0;0258 he=} and t is in hours.
The background counts of 2.5 +* 0.2 min.m1 in the aipha counter uand 170: 10 in the
fission counter wero subtracted in Figo. 1 and in the above equations.

It may bo safely assumed that all of the observed alpha activity was
duz to plutoniue either growing from neptuniuwn or present initially because of
incomplete separstioen. Tho activity of all rossonable contaminants ia probably
negligible, Thus we find that initially the ratio of the number of plutenium
atoxs Nh9 to that of neptn'miun‘atc;ma N§9 was

Nb.9/N§9 & 20,/250 T (104 3 0.3) x 207

In the case of the fission count the situation is morc complicated., Besides the

2

plutonium, possible fission of neptunium and contaminntion by U235 may contribute
to the obgerved activity. We denote the numbar of 023 ? atoms by NEE and the

soveral cross sections for thermal neutrons by ¢ with app%gdicw
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#we have, neglecting square torms in swall ratios;

Mg 7hg + Wag 0 5o + Bpg )iy g 3 51016600 B (3007 2 003) x 20~

The firat term on the left of this squation was determined by tho alpha
ocount as shown above, In order to determine urapium centamination, the main
sample was removed from the platinum feil and & fluorimetric determination of
urenium was mado by the amalytical group of the chemistry division. Complote re=
moval of the sample vas cheoked.both by alpba ocount and fission count. Thoe result
indicated that there was (h;i 1) = 10°6 gn of uranium present, JIf all of this was
due to incemplete separation in our chemical} procedure, loco, if it was depleted
material, then it cerresponded to (1,15 1:0025) x 1099 ga of 02556 ta the other
hand the fimal alpha aotivity‘of the §nmple indieated that thore wae initially
babOut 5.8 x 10‘7 g of Np239 presont, Taking into account the different fissiom
cress soctions of uranium and plutoniumn, we have

og 7 5fVsg 7 g = (54R/765) (3.35/5:8) = 107 = (1 1 0.5) = 1077

Combining this with the fission aetivity due to the plutonium initially present,

wa find

2 }9/\)7_;_9 s (3007 = lom = Oom) x loea s (109 :o°5> X loma

' 2
or, using the fiasion cross section of Pu2590 765 x loeh on

T3 % (a5 + b) x 1024 en®
However it is quite possible that seme or all of the observed uranium contemination
was introduced into the samplo during wenipulation and was therefore not depleted
of U255

s Imn this case thg uraniqm contamination alone could sasily account for all

of the observed fission aotivity., Thus we are inclinsd to interpret our rosuit-
e e - T
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as an upper limit, imdicating for 39259 A fission cross section

2 =
L (8p77) < 20 x 1072 o
The departure of beth authors from the project has proventad a repetite

ion of the experiment at this time,
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