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Polonium-210: A Nuclear Oddity

»Properties:
» Specific activity of 4490 curies per gram
Pure alpha-emitter
Alpha emission energy of 5.41 MeV
Highly radiotoxic (LD, = 0.891Q)
“Sublimes” in air due to intense alpha activity
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Polonium-210: A Nuclear Oddity

Multi-Foil

»Applications:

General Purpose |
Heat Source

T L 4 L Aluminum Outer

: Pl ns hell Assembly

Beryllium

SiGe Unicoiiple =1

Nickel/Gold Polonium

Nuclear weapons Radiotherapy Energy generation

I T B N
Introduction Significance Methods Results Conclusions



Producing Po-210

» Purification from uranium ore
 Led to its discovery by M. Curie
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Producing Po-210

use in nuclear bomb

»Neutron irradiation of bismuth-209 219pg
» Used in the Manhattan Project (P:%H
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Po-210 as an alpha source

»Mixed with light |
elements, e.qg. Be, Li, F Polonium _
to produce neutrons Source Beryllium

»Neutron output depends ﬁé

on (a, n) cross section of

light element
a-Particles Neutrons
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Connecting the Dots: Chain Reaction Mechanism

» Alternating (a,n) and neutron
absorption reactions: -’
210po — 206Pp + x‘
Be + a — 12C + n° I §’a’

2098 + N0 —s 210B; o
.@—

210Bj — 210PQ + 3 \
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Significance

»Provides a cost-effective and
rapid method of producing
large quantifies of polonium-
210

»Reduces dependence on
reactors with high neutron
flux for producing polonium-
210
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Initiation of chain reaction
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Selection of bismuth salt

» Criteria for bismuth salt to be able to sustain the chain
reaction:
« High BI density to increase polonium production rate
« Neutron multiplication to sustain neutron population
« Neutron moderation for bismuth neutron capture
« High (a,n) reaction yield

» Bismuth salt chosen: Bismuth bervllium acetate
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Selection of element for (a,n) reaction

(a,n) Yield (5.41 MeV)

Neutrons per 10° alpha particles
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Neutron capture cross section of ?°°Bi

Incident neutron data//Bi209 /1
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Neutron multiplication

> 209Bj and °Be atoms undergo a (n,2n) reaction to

iIncrease neutron population with fast neutrons
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Neutron moderation

> High hydrogen and beryllium density allows for T S e A S
efficient neutron moderation to thermal velocities ol
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Why acetate?

» Relatively high hydrogen
density by mass

»Bismuth beryllium
hydroxide was considered _
due to its higher hydrogen \
density, but was found to
quickly decompose to
bismuth beryllate
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Neutron Source Construction
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Irradiation Assembly

»Mast source used as
central source and plate
sources used as
peripheral sources

»Beryllium reflectors used
to iIncrease neutron flux

-+ Paraffin wax

: Bismuth salt

- Beryllium foil

: 241Am sources
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Salt preparation

» Cocrystallisation of bismuth and beryllium acetate from hot
peroxyacetic acid solution

»Reduces exposure to beryllium dust
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Alpha spectroscopy

Range of a particles in air

=
o

» Alpha spectroscopy was
used to identify 41°Po
(characteristic alpha peak at
5.30 MeV)
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Beta spectroscopy

Range of B- particles in paraffin wax

»Beta spectroscopy was used  *
to identify 219Bi (maximum
beta energy of 1.16 MeV) :
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Mathematical modelling

aeKt

M- 1+ ae®t

N, is the number of 21°Po atoms at time t

N, is the number of 29°Bi atoms present initially
¢ is the neutron flux of the initial neutron source
o is the neutron capture cross section of 209Bi

p is the density of 29°Bi

A is Avogadro’s number

M is the molar mass of 29°Bi

¢ is the neutron multiplication factor

A, is the decay constant of 210Bi

A, is the decay constant of 21°Po

n is the neutron conversion coefficient
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Source characterisation (neutron)

80uCi AmBe source
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Chain reaction propagation

Theoretical vs Experimental Results

B RN
o o O

A , AUAN\/\ I\A/\

e

H
S

=
N

Amount of polonium
|_\
o

—Model

—Experiment

o N b~ OO 0

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Time/h

[ | | . =
Introduction Significance Methods Results Conclusions




Rate of polonium growth

Polonium Growth
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Comparison with normal reaction
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Alpha spectrum (41°Po)

Po-210 alpha spectrum
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Beta spectrum (41°Bi)

Bi-210 beta spectrum
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Conclusions

»Novel chain reaction has been proposed and characterised in
bismuth beryllium acetate

»Formation of polonium in larger quantities achievable through
normal methods has been confirmed
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Future Work

Mobile polonium-210 Purification of Gaseous neutron
generators polonium-210 sources
| || | || |
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