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Introduction
A Global Crisis

http://www.nrcan.gc.ca/energy/uranium-nuclear/7795
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Introduction
Existing Infrastructure

http [/www nature com/news/2009/090715/full/460312a.html|
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> 99.2% U-238
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Uses highly enriched
uranium-235 targets ' ) i
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Other Production Methods —_—
b Heterogeneous reactors
e Accelerators ?
e Sub-critical assemblies Mo-99 | 7c-99m | - |
e Neutron capture Processing —> Generator H|gk(1\|/3v/ezr;)r(|)c;]hsegr:(rjaer;lum
* Spallation 90% U-235
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Introduction
The Nuclear Medicine Market

http:

www.bbc.com/news/magazine-32833599 Infection/Inflammation
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¥ Technetium-99m
Brain, Thyroid, Parathyroid, Heart, Lungs, Liver, Kidney,
Spleen, or Bone Marrow
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Cross Sectional Energies

Molybdenum-100 / Molybdenum-99 Conversions
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Medical Radioisotopes
Technetium-99m from Molybdenum-99

https //en W|k|ped|a org/W|k|/Technet|um 99m generator

-‘I'. - SCIENCE PHOTO LIBRARY
http://www.bbc.com/news/magazine-32833599
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half-lifel" ! 30 T |« .
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https://en.wikipedia.org/wiki/lsotopes of molybdenum
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Fission Reactors

Molybdenum Processing

https://en.wikipedia.org/wiki/Hot cell

1 '
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Fission Reactors
Technetium Processing

Saline | t #mTeo,”
"'I o

charge in saline

Porous glass disc 0.22 pm
Adsorbent
(aluminium oxide with
Mo 0‘2')

Lead shielding

Plastic housing ——

Activity (Ci)

Specific Activity
A=g¢-n-oc-(1-e*)
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Accelerator Reactors
Technetium-99m Separation

RS0°C

Mo+Tc
(Platinum boat)
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https://en.wikipedia.org/wiki/Technetium-99m

 Elution of pertechnetate solution (1958).
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 Thermal Chromatographic Separation via vapor pressure.

* Organic Solvent Extraction (MEK Process) via aqueous solution.

e Chromatographic Column (ABEC) via immiscible liquids.

* Nuclear kinetic recoil via photonuclear reactions.
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Accelerator Reactors
Technetium-99m Separation - Commercialization

http://www.northstarnm.com/radiogenix-technology
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Fission Reactors
General Overview — Typical Construction

1|
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http://www.rcp.ijs.si/ric/description-a.html

High flux reactors (TRIGA) * Research
* Operational purposes

energies > 1.10'* neutrons/cm?/s
e Radioisotope production
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Fission Reactors

General Overview — Fuel Rods
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Fission Reactors
Radioisotope Production

http://science.sckcen.be/en/Facilities/BR2
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Accelerator Reactors
Cyclotron Production

M MENT .
BOMBARDMENT CHAMBER HELICAL PATH MAGNET SECTICN OF DEES
N OF ION, STARTING cOoIL
_ T~ ORDINARY paty OF PARTZ 57 AT A
P Y = - =
i ; _‘:":.Luesmvs —— AR-TIGHT
CHARGE - _ . CHAMBER
THIN ALUMINUM ’ - iy
FOIL WINDOW DEFLECTION T i
{IF BEAM IS TD PLATE
P.ﬁ%? él'll-‘ll;?s.:'lﬂl (ATTRACTS BEAM ) M:GEN %TIC ;l“c"l“ﬂf
oL ; " IEL 10N ORBIT
TARGET® TO BE
GLAw ) BOMBARDED
FLACED HERE

TARGET n/<"'

PLACED [H
HERE
WINDOW
' . BOMBARDMENT TWO METAL
' CHAMBER HALVES (DEES)
INSULATED FROM
EACH OTHER

PATH QF {ON
- WINDOW

TOP VIEW OF DEES MAGNET COIL

‘I%ttpsE//en.{/vikipedié.ofg/wiki/CycIotron

Medium flux reactors

energies between 1.10%? and 1.10'* neutrons/cm?/s
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Accelerator Reactors
Cyclotron Production — Compact Designs

Lorentz Force
F=g[E+ (vXB)]
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Accelerator Reactors
Linear Particle Accelerator Production
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Comparison

Comparison shows nearly
identical diagnostic images.

Fig. 1. Cardiac SPECT images of a rat injected with LINAC-Tc-99m (left) and fission-Tc-99m (right) for the same rat.

Fig. 2 Bone SPECT images of a rat injected with UNAC-Te-99m (left] and fission-Te-99m (right } for the samwe rat.
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Meeting Global Demand
New Models for Technetium Supply
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Molybdenum

The Answer to the Ultimate Question of

Life, the Universe, and Everything...?
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https://en.wikipedia.org/wiki/lsotopes of molybdenum

12/10/2015

PHYS 575 - Radiation and Detectors

8

16

34
Se

52
Te

84

116
Ly

70
¥b

102
Mo

g

17
Cl

35
Br

53

85
At

117
LUus
71
Lu

103
Er

19

[hide] |

He

10
Me

18
Ar

36
Kr

54
xe

86
Rn

118
Lua



Citations

C. K. Ross, W. T. Diamond, Predictions regarding the supply of ®Mo and 2" Tc when NRU ceases production in
2018, Physics in Canada, June 2015.
(http://arxiv.org/ftp/arxiv/papers/1506/1506.08065.pdf)

Peng Hong Liem, Hoai Nam Tran, Tagor Malem Sembiring, Design optimization of a new homogeneous reactor
for medical radioisotope Mo-99/Tc-99m production, Progress in Nuclear Energy, Volume 82, July 2015, Pages
191-196, ISSN 0149-1970, http://dx.doi.org/10.1016/|.pnucene.2014.07.040.
(http://www.sciencedirect.com/science/article/pii/S0149197014002212)

Valeriia N. Starovoitova, Lali Tchelidze, Douglas P. Wells, Production of medical radioisotopes with linear
accelerators, Applied Radiation and Isotopes, Volume 85, February 2014, Pages 39-44, ISSN 0969-8043,
http://dx.doi.org/10.1016/j.apradis0.2013.11.122.
(http://www.sciencedirect.com/science/article/pii/S096980431300571X)

Yasuki Nagai, Medical Isotope Production using High Intensity Accelerator Neutrons, Physics Procedia, Volume
66, 2015, Pages 370-375, ISSN 1875-3892, http://dx.doi.org/10.1016/j.phpro.2015.05.046.
(http://www.sciencedirect.com/science/article/pii/S1875389215001996)

12/10/2015 PHYS 575 - Radiation and Detectors 20



