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Abstragt c
° e g
Neutron ®ourszes involving the alpne partizle bombardmsnt of fluorine, boron,
and beryllium are d.iécusaz:-.-i witll & u@ow to eliminating the necessity of sep-
arating the aipha emitter, polonlum, Trom the material irradisted in tks ?“o—
»

duction’pila. The sase cof fluorina ge *reated in some detall and compar

with a mor2 conwventional zourcs,
0. ;

Introdugtico ® 9

L

The usual g—:-.utr‘on source i&smal.l. in physicsl a1z0, ®ince the polonium is used
®in Qurifirfd form.l For some applications, the small size of thase sources is
a distinct advantage, ag in calibration work., The application of neutron
sources Lo drive exponential piles end sigma piles does not appear place a
stringent restriction on the dimengions of the source. Assuming thatb this 1s
true, various possibilities are opgn for exploration., It is also eppsrent®
that the sepsration of polonium grom the bismuth which ls irradiated in the
production®iles is at least inc@hven@ent and dbmewhat, expensive, Since the
sources must be replaced periodically (polonium has a half life of 138 days)
this inconvenience and expense is repgtitgve for a continuing progranm. Hence,
it is of interest to devslop a source which does not require this separation. ®
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Neutron sources ma?{ be prepered by mixing the light elgxent which serves as the

target for the alpha parti¥®les with the bismuth and osing tle mixture to

neutron bombardment in the production pille, After dfscharge, the slugs should

preduce nsutrons at a calcoulable rate due td®thegpombardment. of the light a].emen‘

.by the polonium elpha particles. After the source has decayed below a usable

® level, it couM possibly be reactivated by recharging it in e®productigpn pile,

This would eliminate all t{® steps involving polonium chemistryg

®

The yield®of targeg materials when bombarded with poMnium alpha particles is

® é?&rneutxrons per 10° alpha parti%les for beryllium on a thick target basis, 22
boron, and 12 for fluorine,© The high nsutron capture cross section of b®ron

makes it an undesirable material. The utilization of beryllium would require

the use of an intermetallic gompound of bismuth and beryllium, which does not

appear to exish, or an allo)gof the two metals. Either situati®h would give

the homogendous mixing required for the efficient wuse of the pglonium protﬁced

in the slug. ®roduction of an alloy might require th® use of PYowder metallurgy

techniques, which involves soms hasards because of the toxicitygqf beryllium,

Using the methofgiven in@ID-5087, the yiel ®of such a target, assuming very

homogensous mixing, has been calculated and is reported fo Table I.
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Neutron Yield in Neutrons psr 106 dlpha Particles oga Target Composed
P of Bismuth and Beryllium

®  Atomic Regio of Beryllium to Bigmuth Neutrons per 108 Alpha Particles
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Pure Biryllium
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Fﬁxorina has been considered as the target element. A suiteble compound, BiFj,
) ° does exist, lmv?ng@h densigy of 5,32.° The yield from this target is calculated
, to be 5.7 neutrons per 10° alppa pfticles, This is unfavorable when compared
© to beryllfm. Since the density of BiF, is known, it is possible to calculate

the sizegof the source negessary to be of use at Hanford, Such calculations

© O cannot be made for the bismuth-beryllium propcsal until the densis' of the ma®dr
rial is known. ° s ©

The yield of polonium@in & ¢glumn of bismuth m.etal may be predicted by using
o the following expressionz/* o ]

L d — -
o o Curies per column = xy EATF Q <«

In the above expression, x andyy are the correction factors for the length of
o the* bismuth column and the surrounding metal golumns respectively, E is the

. weighted avefage®ile efficiency, AT the avegage temperature rfe in OC of sur-

rounding aranium columng, F the average water flow in gpm in the surrounding

uranium columns and Q is a function of exposure and decay time and conversion
4 © constants. ~ Using appropriate conversion constants the expression mey be written
in terms of tube power in w&ts. A correction must be made in the expression
L o because the gatomic concentration of bismuth is orly 42 .6% of that of the pure
i metal. The expression is then converted to give neutrons per second for the
° charge 1.3 the tube by using the yeld given above, &

o

o ®
. Neutrons per second per tube = x y E Q(average power in watts of adjacent
tubea) 34200 @ ® ® @

In HW-25477, an example is given of a®column of 57 pure bimmuth slugs, for which
E = 0.9, x= 1.0, y= 1.04 and the average ad]acent tube power has iS’? kw.,

o Th?tot.al neutron emission per second at the tim? of Bischarge, and 30 day@e
following discharge has been determined for a column of BiFy irradiated under
o similar conditions by obtaining the appropriate values of®Q from Bé-25477. @

o Thesse values are reported in Table II. Table III is similar, oxo&t that the
adjacent tube powd has WBen assumed to be.500 kw, o
L
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i TABLE 11 °
Neutron Enissiof of 57 BiPB Slugs @%he Time of Discharge an® trter
° o 30 Days Decay as a Function of Pile Irradiation Time at 157 Kilowatt ®
: ° Adjacent Tube Power L LY
o° ° |
Exposure Time Source Strength Source Strength 30 Curies of Po az
atgDischarge in Days af ter D§ harge @ Discharge (42.6%
- Ne!@nszsgoond mw:nndi of Nomil olumn )}
°
& 30 o 0.92 x 107 11,05 x 107 . 44
60 1.96 1.90 093
°© 90 P 2.8 © 2.1 135
120 3.66 3.41 73 @
150 © .37 ° 3.9 206
o 180 4,91 O 4.46 233
210 5.52 4.86 ° 261 @p
240 6.02 . 5.27 285
° °
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o} TABLE I1I: ® o ®
o ® ® °
Nsutron Emission of 57 Slugs 2t Time of Gbischa&ge and after 3C Days
of Dacay as a Function®f Pile Irradiation Time at 500 KW dversage
(o} ° Adjasent. Tube Power
o} ° o
° Exposure Time Saurce Strength at Sourse Strangth 30 Curies of Po at
o in Days Discharge, in Days after Discharge Dischamge (42,68
- Neutrons/Second @ in Neutrons/Second Normal Golumn)
o oo ° 2.93 x 107 3,36 x 107 o 140
' 60 6.3, 6.04 295
o GG 9.10 . 8.62 @ 43¢
o) 120 © 11.6 @ 10.8 © 552
150 13.9 12,6 ° 655
18 © 15.6 @ 14.2 740 ©
o 210 1%.5 15.4 . ° 829
° 240 o 19.1 o 16.7 39’7 o

Qo .
Comparison of thevalues in tfe abov% tables with the specificgtions%f polonium
boron scurce FB-304 &re of interest., That sourge contained 306.7 curies of
polonium and emitted 1.6 x 108 neun%ns/second. 800 curies of .pelonium woulgd be
required to produce the same number of neutrons with a BiF; neutron source® The
lengthy exposure tfme indicated in Table III coyld be shortened by using more
tubes,i.,e, more slugs, or irradiating the 57 sligs in the central portion of two ©
or more tubses, which would also make for greater uniformity. i

(]
As has been indicated, the usaqaf beryllium in t@e place of fluorine, or in additi
to fluorine, would increase the efficlency of this type of source, periaps by
a factor of 5,0. J. E, Minor has suggested mixing BeFy with the BiF. in order to
° increase the efficiency. If the atomic concentration of bismuth was not decreased
appreciably, this suggestion would have much merit, As with the beryllium-bismuth.
alloyy no calculations can be made until the density and composition of such mate-
rial is known., If such information is obtained, a much more favorafle comparison’
with conventior®l sources, such as the one mentioned sbove, may be expected. ¢ '
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