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A procedure is described by which a neutron source with a fission spectrum

(mock~fission) was prepared, 26,6 curies of Po was used as theawsource

and the target material was a mixture of NaBF, and 2NaFy.BelFy (mol ratio B/Be
= 96/4), A gas stream distillation technique was used for the preparation,
and the resulting Poo-target material wmixzture was pressed into a hard pill

which wus contained in a cyliadrical capsules 0o317 inches in diameter and

0,25 inches long., When assembled the source fitted inside & sphere 1,03

om in diameter. The neutron yleld was 3.8% x 108 p/sec or 1.46 x 10° n/curie
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PREP:RATINN OF & " NCK FISSION NREUTRON SOURCE

Summary

A vrocedure is described by which a neutron source with a fission spectrum
(nock=fission) was prepared. 2.6 curies of Po was used as the «i source

and the tarpet material was a mixture of NabBF4 and éNaF ’BeFg (mol retio B/Fe
s 96/4). A pms stream distillution technique was used for the preparation,
and the resulting Fo-target material mixture was pressed into a hard nill
which was cﬁntained in & cylindrieal cupsule, 0.317 inches in diameter aéd
0.26 inches long. "hen assembled the snurce fitted inside a sphers 1.05

em in diameter. The neutron yield was 3.85 x 108 n/ieo or 1.46 x 105 n/burie

S€Co

Introduction

Richards (1) reported that the neutrons formed by Po =98 with a BFg target
prssessed an enerpgy spectrum siwmilar to the spectrum of neutrons forwed by
fission of 25 and 49. It wes vointed out by him that compact wock fission
sources could be prepsred by mixing o and sodium fluoborate crystals. Tweo
such sources were prepared for use by the Research Phvsics Division. The
spoctrum of these sources, desipgnated by Richards as Source #1l and #2, have
been described in 2 previous report (2). Source #1 contained 2 curies of Po

and was prepared by evaporating a dilute HCl-Po solution to a few microliters

and adding crystals of the salt. This method did not appear practicable for
use with stronger sources, Therefore, & gas <tream distillation technique uas

used for the preparution of Source #2. The target material for this source was

¥aBFy with 2 mol % of BeF,, and it contained 8 curies of Po. 1t was indicuted
[3°’FOR PUBLI C RELEASE
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by Richards (2) that the mixing of the Po and the target material was

rather poor,

Accordingly, for Source #3, which was reguested, although a gas streanm
distillation technique was used for adding the Po to the target, & separate
mixing and pressing operation was performed to achieve a more uniform and
stable mixture. The procedure was tested in preparing & number of week
sources containing 100 - 500 millicuries, before source #3, specified to
contain 25 curies, was made. To inorease the number of high energy neoutrons
the mol ratio of B/Be was increased to 96/4. This report desoribes the pro=-
cedure employed in the preparation of Source #3.

(1) Richards, H. T. - L&=85

(2) Richerds, H. T. - L&=-201

Materials
The target material was a mixture of sodium fluoborate, NaBF4, and sodium
fluoberyllate 2Na F 'BeFp with 2 mol ratio of B/Be = 96/4.. These materiasls
were prepardéd in this lmboratory.
The NaBF4 was prepared by E. S. Robinson using 2 modified procedure described
by Booth, H.S., "Inorganic Synthesis", McGraw-Hill Co., New York (1939). The
reactions employed were:

BpOg # 8 HF .o, "HBFy £ 5 HpO

HBF4 / NAOH----, NaBFy £ Hp0
91.9 g of 48% HF was :eighed out in a Pt dish. The dish was placed in an ice
bath and reagent grade BpOz was added to the solution slowly. The dish was
lef4 in the ice bath 1.5 hours and then remained over night at room temperature.
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The solution was neutralized with 91 nl of 5 N NaOH. 95% ethyl v1lcohol was
added to precipitate the salt, and finally the crystals were filtered out on
a sintered glass funnel. The crystals were trunséerred to a platinum dish
and dried for four days in a vacuum desiccator over HpSOs4. The final product
was in the form of wrery fine crystals.

The sndium “luoveryllate .as prepared by the following reaction:

NaHFz £ NaOH # BeFg » 2Na FeBeFz # Ha0

1.099 g of NaHFz was weighed out in & Pt dish. 60 nl of water and 3.1 ml of

ca 5 N NaOH was added to thls salt. It wus necessary to warm the dish over a
steam bath to effect complete solution. The resulting pH was about 4 =s in=
dicated by universal test paper. The BeFg availeble was a sticky glass-like
snlid of questionable purity. It was ground in a mullite mrrtar and 0.86 g
welghed into a platinum dish. The NaF2 solution pr-pared previously was

added to these crystals. The BeFp dissolved only slosly while the digh was
heated on a steam bath. As the BeFy dissolved light erystals formed which were
presunably the fluoberyllate. Vhen it appearcd that all the BeFz had dissolved,
the solution wes evaporated to dryness under an infra-red lemp. The rather
large plate~like crystals remaining were ground in a mullite mortar, they had
none of the characteristics of BeFp and a diff'erent sppearance from NaFz

formed “y evaporation.

To prepsre the target mixture with a mol ratio of Be/h s 4/96, 1.00 g of the
2NeF°BeFp and 20.12 g of the MadFyg , vrepared by the above —ethods. wnere
weighed out into a mullite mertar. The mixture vas pround and mixed by hand
with a platinum spatula for 40 minutes.

The Po used for prevaring the source was deposited on both sides of 2 ;11

Pt strips, 0.5 cu wide and 2 cm long. The deposit d‘ensitias veried from

o ONCLASSIFIED ¢ e crcc eSS,
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1,0 %0 3.0 curias/bmz. Pt foils supvlied by the Monsanto Chemical Co.

Laboratory were used for this source. They wore removed from the shivping

contuiners Jjust vefore insertion into the distillamtion apparatus.

Aoparatus

The Po vas added to the turget rixture by a pas stream distillation. The
distillation vas performed in an apparatus sketched in Figure 1. It con-
sigted of the quartz tube sheown whi~h was supported in » vertical position.
This ouartz tube had 4 congstriction 3 =m I.D. for producing a narrow jet of
gus. The Po foils were inserted after removing the standard taper cap, which
also contained a thermocouple well. A platinum woeund resistunce furnace was
fitted closely around the auartz distillation tube for heating the region
containing the Po foils. It was important that this furnace also hesut the
constricted portion of the tube to prevent the condensstion of Po on the
quartz surface in this region. In overation the furnace rested on the horie-
zontal surface of the ocuartz tube just below the censtriction.

A condenser containing the target matrriasl was located in the wide portion
of the quartz distillation tube below the constriction. To losd the target
material, a brass plug was first slipped into the top of the condenser. A
100 mesh platinum gauze was laid on top of the brass plug, and then & Pt
sleeve slinped into the condeénser. The crystals of trrget material were
loaded inside this sleeve by & Pt microspatule und were supported by the F&
gaute. The condenser was then inserted into the bottom of the distillation
tube and held in place by the rubber stopper. In this way the bed of crystals
vas supvorted directly in the path of the gus jet. Steam wes used as the

conling agent for the condenser. For a distillution, sfter the Po foils had

”Ngé!ﬁ’é%@ PUBLI C RELEASI”
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been loaded into the tubs, He was passed into the cap ;; the top of the tube..
The furnace .as then heated so the He passed down over the hot foils, through
the jet, down through the bed of crygtals and finally e~scaped through the
center tube in the bottom of the condenser while the Po condensed on the sur-
foce of the target material. A glass tube containing a small pioce of zinc
sulohide fluorescent screoen was placed just beslow the condenser to detect
the presence cf any Po that might penetrate the bed.
It was found that the fine crystal powder could be readily jJarred or blown
by gus currents out of the bed., However, if a drop or two of ethyl alcohol
was sdded Lo the cryst=ls after they were losded, the particles were cemented
together, but the bed still remsined porous to the flow of gas. Preliminary
experiments also indicated that a considerable fraction of the Po condensed
on the inside surfzce of the Pt sleeve in the condenser. Consequently, the
following procedure was develoved. A slurry of the NaBF4-2HaF °HeFg mixture
was made by adding a few drops of wuter to some crystals. This slurry was
then painted on the inner surface of the Pt sleeve with a camel's<hair brush.
Vhen the wanter was evaper ted by heating in & drying oven, a reessonably ad-
herent orust remeined. The weight of the crust, obtained by difference,
amounted to gbout 0.10 - 0.15 g,
Since the large amount of Po present in the finely divided source mixture
was felt to consiitube & serious health hazard, all operations vperformed
with the unconf ined crystals to which Po had been added were carried out in
a small wooden dry box. 4 pyrex tray was placed on the floor of the dry box
so any material thet wae spilled could be readily recovered. Thin latex

obstetrician sloves nere used in the dry box te facilitute the handling of

the small objects. 'i

”NQ,!,ME’F& PUBLI C RELEASE
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To package the source in the smallest possible volume

to press the materials into 2 compact vill. The crystals containing the
polonium were, therefore placed in the brass capsule, 1 inch long, whose
details are shown in Figure 2, The berass cavsule could be placed in the

split die, details in Figure 3, which was assembled by means of four cap
screwso. The plunger, Figure 4, could then be inserted into the hole in

the die. A 20 ton hydraulic press was awvailable for pressing the plunger

down ogainst the powder. The shoulder on the plunger meeting the top sur=
face of the die limited the compression to the desired pill size. Vary

close tolerances were necessary for the matching parts of 4he bruss cup,

the die, and the plunger; and the surface of the plunger and the cavity

of die were of the higheet possible finish. A special tube cutter, Figure

5, was built for cutting off the cartridge flush with the top of the opressed
pill, The cartridge with the plunger protruding was laid in the V block

of the cutter, the buse of the cartridge and plunger were them rotated under
the cutting wheel and pressure applied by the thumb serew, After the upper
section was removed, the cap, Fipure 2, could be slipped over the top of

the cartridge. It was found that 450 mg of crystuls could be pressed into

a compact pill with a hard, smooth surface by forces of less than 1,000 1bs.
If somewhat more materianl was used so that -~bout 5,000 lbs. was required,

the brass capsule was ssriocusly distorted. A small portion of the top surface
usuelly cragsked away from the pill during the cutting operation. These frage
ments could be placed inside the cap before it wes slipped-over the cartridge.
The special tube cutter that was used for this operation was made in the labora-~
tory shop with very small clearances so ihe cartridge could be cut closely to

the desired length.
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Procedura

Phree geparste distillations were ewployed to add the Po lo the target
orystals. A crust of the salts weighing 140 mg was pluced orn thé inner
surface of the Pt slecve inserted into the condenser. About 100 ng of
powder was placed inside the sleeve and a few drops of alcohol added to
cement the particles together. The condenser wins inserted inbo the distile
lation tube. Three foils beuring a total of 6.94 curies of Po were droped
into the distillation tube, A helium flow of 45-50 ml/min at room tempesra-
ture and 590 mm Hg (one Los Alamos stmosphere) wes started, snd the power
turned on for the furnocce. After an intervel of 19 minutes «hien the chromel-
elumel thermocouple in the well indicated a temperature of 850°C, the Ffluores-
cent screen in the effluent line vwas oaserved to glow brightly in the dark.
The heating was immediately stopped and the apparatus allowed to cool. It
was found that 2 hole had formed in the bed of salt, which had permitted

the Fo to pass through without oondensing. Only a f-action of the Po had
distilled at this time, Therefore, annthér 75 mg of crystals were added

to the bed and wat with alcochol. Also & new glass tube with fluorescent
sereen was inserted in the offluent line. The mpparatus was reassembled

and the distillation continued again with a 4550 nl/win He flow. The
digtillation tube was maintained st a temperaturs of 1030°C for a perioed of
two hours. There was no further indication of Po penetrating the condenser.
After the spparatus had cooled, 60 mg of erstalavware rdded to the bed, smd
again & drop or two of alcohol undded, The Po foils were replaced by three
additional Loils bearing 10.18 ocuries. The distillation was agein performed
viith 4550 ml/rin He flow at 1030°C for = period of two hours. After the

uddition of 60 mg of crystmls, a third distilletion under similar conditions

was made with 12.ijpg?{fes on three foils. Thus a total of 30,06 cpries had

FASSIEIRD
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been used in the three distillations. Finally, 30 mg of crystels were

added to the bed. There was & heavy black devosit over the topmost crystals
in the bed folilowing each dilstillation and over the surface of the crust on
the slseve. The body of the sall exhibi?ed g sbtrong orange fluorescence.
The condenser assembly was tranaferved to the dry box for the subsequent
operations. The bed was cracked out into & small agnte mortar. The Pt
sleeve, pauze, and brass plug were pushed out into the mortar by means of

& rod inserted inteo the efflucnt tube of the condonser. The salt was dusted
of'® the gauzo and plug with & cemsl's-hair brush. %The crust on the inner
surfece of the sleeve was readily oracked away into the mortar by means of

a small Ni spatula. The ma?erial was then ground with an agate psstle and
mined with a Pt spatula. The neutron r~mission at this time could be detected
by & BFz proportionel counter which wag situated 20 fset nwny. The grinding
and mixing operation was observed to significantly incresse the neutron
emission. Tho final mixture was & pale gray-lavender color. The strong
orange fluoresconce could be observed in & shadow from the room lights.

Thig fluorescence of the crystals provided a nice indication of the uniformity
of mixing and indeed furnished sufficient illumination for these operations
to be performed in the durk. The resulting pcwder =as transferred from the
mortar to the brasgs cartridge rather easily by means of a Veshaped platinum
spatulas

The cup was removed “rom the dry hox and placed in the split die which was
then assembled. The plungsr was iﬁsertod into the hole of the dis. After
the die assembly was placed in the hydraulic press, the plunger was depressed
to the stop. It was 1¢ft under pressure for two hours. The plunger and cep

together were removed from the die end placed in the dry boxe. By mwesns of

the specinl tube cutter, descrived previocusly, the upper portion of the brass

UMEBED ‘FéR PUBLI C RELEASE ’




APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED
Sle | S ‘

cartridge was cut off. The cep wes then slipped over the cartridge. The
capsule was removed from the dry box and burnished with steel wool, A layer
of solder wus applied over the bottom of the source with a small iron and
resin for flux to seal the cap to the curiridpge. The surface was burnished
-furthor with steel wool to reduce any contamin;tion on the outside. It was
noted thit the source was ~uite hot because of the large quentity of energy
dissivated 1in stopping the = g,

It ié to be noted that the experience gained in rehearsal preporations with

a fevi hundred millicuries of FPo was invaluable in msking the strong source,

Recovery of Polonium

Each of the sowrce folles used for the distillation were measured afterwards

in an integrating chamber. On nrne of the foils had more then one or two
millicuries remained. Various portions of the distillation and handling
apparatus were leached in acid sfter the preparation wes completed. wuartz,
agate, and platinum were stripned with ¢ HNOz, wrass and copper with 6 N acetic
acid, and neoprene tubing with ¢ HU1l. These solutions were then assaved.

The grentest amount wasg regovered from the quartz distillation tube, 2.95
curies. A hlue fluorescence of the quurtz was observed in the vicinity of

the congtriction during and following the distillations. 0.41 curie was
recovered from the brass condenser. A total of 3.47 curies was stripped from

2ll the parts. Therefore, the source contained at most 26.6 curies.

Regults
The final source weoa 2 eylinder 0.317 inches in dismster and 0.25 inches

long. It is to be noted thut the oylinder of maximum volume inscribed in

8 sphere of given radius hes a rati??i'a etor/ﬁength s 2, The source
IFIED -

UNCLAGS

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

Uy

was salightly longer than uasag%;nned oririnally because the cap did nob
seat against the rim of the cup. T%e maximum dimension of the source was
1.03 cm.

The polonium content was at most 26.6 curies. The external contamination
was weasured in an lonization chamber and was found to be 3=5 x 104 -af's
per second. This was no larger than frequent hand contamination of the
polonium chemists,

The neutron cmission was measurod by John William’s group and found to be
3.85 x 10° neutrons/sec. This corresponds to a neutron yield of 1045 x 105
n/buria second, A 400 milllcurie source prepared by this technlque ylelded
2.4 x 109 n/curie second so there apparently was considerablé loss of effic~
iency caused by the concentration of Po. 'When compared with the yield of
Source {2, 2,0 curies = 1.3 x 105 noutrona/%urie second end Source #35, 8
curies = 0.8 x 10% neutrona/curie second, it appearsg that the wixing and

pressing technique wus of considerable velue. The neutron yield vas re-

prrted to decay with the standard Po half-life.
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FIGURE 4
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