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Refurbishment of facilities and equipments for the JMTR is in progress in order to re-start at
FY 2011. The refurbishment has been carried out since 2007, and new irradiation facilities will be
installed in order to accomplish user’s requirements. As one of the new irradiation facilities, JAEA
has a plan to produce *’Mo, a parent nuclide of *"Tc.

At present, radioisotopes are indispensable for a diagnosis and treatment in the medical field.

Demand of ™

Tc (half life 6h) used as a radiopharmaceutical increases up year by year. Moreover,
the expansion of demand will be expected in future. However, the supply of Mo in Japan depends
fully on the import from foreign countries. Therefore, it is necessary to supply *’Mo stably by the
domestic production. There are two methods of Mo (half life 65.9h) production; the one is the
nuclear fission (n,fiss) method, and the other is the (n,y) method using the %Mo target.

Mo production in the JMTR with the (n,y) method was studied and evaluated. As a result, it
was found that the partial amount of Mo demand is possible to supply stably if a new
hydraulic-rabbit-irradiation-facility (HR) is used.

In this paper, results of a conceptual study of the new facility for *’Mo production was

reviewed, and was presented at 2nd international symposium Material Test Reactors.

Keywords: Mo, *"Tc, (n,y) Method, JIMTR, New Hydraulic-rabbit-irradiation-facility
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1. Introduction

At present, radiation and radioisotope (RI) are indispensable for a diagnosis and treatment

in the medical field. Demand of *™

Tc (half life 6h) used as a radiopharmaceutical increases up year
by year. Moreover, the expansion of demand will be expected in future. However, the supply of
“Mo in Japan depends fully on the import from foreign countries. Therefore, it is necessary to
supply Mo stably by the domestic production' . In this situation, Japan Atomic Energy Agency
(JAEA) has investigated the ’Mo production method using the JMTR* Y,

As one of the new irradiation facilities after restart of the JMTR, the JAEA has a plan to
produce “’Mo, a parent nuclide of *™Tc.

Two methods are considered as the Mo production by using the
hydraulic-rabbit-irradiation-facility (HR) of the JMTR; the one is the nuclear fission (n,fiss)
method and the other is “*Mo target (n,y) method [98Mo(n,y)99Mo(B') > PTC]. Comparison
between two methods is shown in Table 1. The (n,fiss) method is high cost, has many impurities,
high specific activity and difficult to handle U. The (n,y) method is low cost and has few impurities
and a low specific activity. Therefore, the *’Mo production in the JMTR with simple (n, y) method
was studied.

In this paper, results of a conceptual study of the new facility for Mo production was

reviewed, and was presented at 2nd international symposium Material Test Reactors.

2. Irradiation method

The existing HR is a water loop system to transfer the small sized (¢32mm, 150mm length)
capsule, so called rabbit, which can be injected into and ejected from the reactor core by water flow.
Schematic diagram of the HR is shown Figure 1. Having the feature that the capsules are inserted
and extracted without reactor shutdown, the system is very useful for producing “Mo, efficiently.

The *Mo is produced by irradiation of Molybdenum Trioxide (MoOs3) pellets inserted into
the capsule. General properties of the MoO; are shown Table 2. The pellets are very convenient for
handling and treatment both pre-irradiation and post-irradiation. From a viewpoint of higher *’Mo

production, higher density pellets should be used.

MoO;-pellets are enclosed among the aluminum rabbit. Aluminum rabbit used in the HR is
shown Figure 2. After irradiation during an appropriate irradiation time, the rabbit is ejected from
reactor core. Irradiation capsules are transferred to the hot laboratory, which is connected to the
reactor building through the water canal, for post irradiation treatments. Owing to the shielding
capability of the water, irradiated radioactive capsules are safely transferred underwater through the

canal. After that ’Mo is dissolve and extraction. These processes can be efficiently carried out by
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using the JMTR hot laboratory. Finishing the necessary treatment, the *Mo is transferred from the

hot laboratory to external facilities

3. Irradiation process

3.1 Pre-irradiation treatment
The high purity (99.9~99.9999%) Molybdenum trioxide (MoQO3) powder as the raw material
is sintered. In the former manufacturing method using camphor as binder, the sintering density was
about 70% of the theoretical density (T.D.). However, the pellet of a high sintering density of 90~
95%T.D. can be manufactured by a new manufacturing method. Moreover, the new manufacturing
method can greatly shorten the pellet manufacturing period from 4 days to 10 minutes compared
with the former manufacturing method. Therefore, it will be possible to prepare many target pellets
within a short period.
After preparation of the pellets, the dimension inspection, the weight measurement, the visual
inspection, and the impurity analysis, etc. are performed. The pellets are enclosed with the inner

tube and the rabbit holder, and then the irradiation rabbit is prepared.

3.2 Irradiation
The irradiation rabbits are set in the reactor core by water flow, and are irradiated at arbitrary
time. After that, the irradiation rabbits are taken out from the reactor core by water the flow. Flow

chart of Mo production by the HR is shown Figure 3.

3.3 Post-irradiation treatment

After irradiation, the irradiated rabbits are moved to the JMTR hot laboratory through the
canal. At there, the rabbit outer tube is opened, and after that, the inner tube is taken out. Then, the
inner tube is opened, and the MoOj; pellets are taken out. These processes will be commercialized
as a chemical treatment process in the hot laboratory. Production flow in the JMTR Hot Laboratory
is shown Figure 4.

The MoO; pellets taken out are dissolved with the sodium hydroxide (NaOH), and the Mo
is adsorbed by the PZC (Poly Zirconium Compound). The PZC is shown Figure 5. Impurities are
analyzed with the product inspection (pH measurement, y ray measurement, volume measurement,
and weight measurement). After inspection, the Mo is moved into the product container, and the
container is loaded to transfer cask. The surface contamination test and 1m dose rate measurement,
etc. for the transfer cask are carried out for the transportation to the pharmaceutical manufactures.
Since the half life time of *’Mo is 65.9 h and *"™Tc is 6.0 h, the working hours to treat *’Mo from
the irradiation to the shipment should be short. Therefore, it is necessary to study the shortening the

process time in future.
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4. Estimation of *’Mo production

The JMTR core has a capability for installing three HRs. Now, there is one HR (D-5 hole) in
the JMTR. There are two major factors to decide the amount of *’Mo production. The one is a
thermal neutron flux at the irradiation position in the reactor core, and the other is a number of
rabbits that can be irradiated at the same time. Here studied are the irradiation capability of the M-9
hole. Because, thermal neutron flux at the M-9 hole is higher than the D-5 hole. The hole size of the
reactor core grid plate is different according to the position of irradiation hole. Therefore, the
structure of the hydraulic rabbit tube to be installed in the new position will be different. In the M-9
hole 5 rabbits can be installed at maximum. On the other hand, the D-5 hole can not install 5 rabbits.
As a result of study, the M-9 hole was selected as a new HR position. The new HR will produce
Mo more than the existing HR. The structure of the hydraulic rabbit tube installed in the reactor
core is shown Figure 6.

One operating cycle of the JMTR is about 30 days. Also one rabbit irradiation needs 6 days.
Therefore, it is possible to irradiate 4 batches by one operating cycle. Moreover, necessary time
from the irradiation to the shipment was evaluated as 2.5 days. Based on these assumptions, the
amount of Mo production was evaluated for the case of using the M-9 hole. As a result, it was
found that *’Mo of 37 TBq or less/week (1000 Ci/week) could be shipped. The amount of Mo for

the case is shown in Table 3.
5. Conclusion

For the purpose of the domestic stable supply the Mo, production by the %Mo(n ,Y) reaction
method was studied. From this study followings are concluded;

- The irradiation capability of D-5 and M-9 irradiation holes was compared. As a result of
comparison, the M-9 irradiation hole was selected for the new hydraulic rabbit position owing to
the higher thermal neutron flux at the M-9 rather than that of the D-5 hole. The M-9 irradiation hole
enables 5 rabbits irradiation at maximum.

- JAEA has a plan to manufacture pellets by the new manufacturing method, which can produce
high sintering density (90-95% T.D.) pellets.

- From product estimation, it was found that the JMTR will be able to provide at about 20%
amount (37TBq:1000Ci) of Mo imported to Japan.
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Table 1: Comparison between two methods.

(n,fiss) method (n, r) method
Production method 235U (n,fiss) FP— %°Mo —9%mT¢ %Mo (n, 7) Mo —9mT¢
Cost High Low
Nonproliferation X O
Specific activity High Low
Impurity High Low

Table 2: Properties of MoOj;.

Pellet type Sintered type
Sublimation temp. ~750 C
MoO3; Molecular weight 149.35 g/mol
MoOs Theoretical density 4.692 g/cm3
MoO; Melting point 780 C

Table 3 : Estimation of *’Mo production using the new HR

Items

Hydraulic irradiation facility New hydraulic irradiation facility

Irradiation hole

M-9

Rabbit Thermal Neutron Flux
Specification | (Max.)

3.5x10'® (m2-s!)

Number of irradiation
rabbit (max.)

5 rabbits

Amount of °°Mo production

37 TBqg/week
(1,000 Ci/week)

Percentage for the amount of import About 20%
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Figure 1 Schematic diagram of the HR

Figure 2 Aluminum rabbit used in the HR
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Introduction (1/2) @

ODemand of **"Tc (half life 6h) used as a radiopharmaceutical increases up
year by year, and will be expected to expand in future.

OSupply of ®*Mo in Japan depends fully on the import from foreign countries.

Oln addition, unexpected shutdown of production reactors, such as NRU in
Canada etc., happened, and now the production crises is the serious

problem all over the world.

To supply stably by domestic production is very important.

New irradiation facility

Introduction (2/2)

99Mo (half life 66.7h) production has two methods;

1. Nuclear fission method (n,1)
Using high enriched U-target now. The target will be changed
into low enriched one due to NTP reason.

2. %Mo target method (n,y) [ ®Mo(n, y)*°MoPF— 9°MmT¢]
Using ®*Mo target.

99Mo production in JMTR is using a simple (n,y) method
taking account of advantages on production as

well as
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%Mo Production in JMTR

Mo 10

_ 100%]
8
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£
=2
2
S
S
g
&
20%
JMTR contribution to user’s market
Comparison of two methods
{n,fiss) method
Production method 25 (n fiss) FP-» 9ME .99 Te
Cost High
Nonproliferation X
Specific activity High
Impurity High
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%Mo Production and Utilization of mTc

@

Canada or other
countries
(fission method)

Production of . .
Radiopharmaceutical Madiedl diagnesty

LANS
2
,(.(\0

i

Pharmaceutical manufacture Hoépital

(*°™Tc is extracted from %Mo)

[New irradiation facilities will be installed by the
external budget from the industrial users etc.]

Work schedule for the installation of new iradiation facilities
No.| Bem lel 2006

Fuel Tests

1 kradiation facility of
LWR fuels for ramp test | Concepiual
Material Tests | design
2 iradiation facility for
LWR core materials

. |New industrial use {1)

5 "o production

L. facilty
New industrial use {2)

4 Sikicon semiconductor
iradiation faciity
Fuel iradiation facility
5 kradiation facilities for
LWR fuels

11 In order to pre

cessary space for new material irradiation facilities installation, existing facilities are to be removed.

___ i
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Hydraulic Rabbit Irradiation Facility and MoO,

Rabbit  Discharging
section

Charging section

F 150 mm N
1
. Outer Inner tube
Pressure Elﬂgmg \é\;ﬁdmg tube (MoO; pellet inserted)

vessel

Irradiation
tube ¢

A typical rabbit and its cross section

3W valve Molybdenumtrioxide (MoO,) properties

Pellet type Sintered type

Sublimation temp. ~750°C
Hydraulic rabbit irradiation facility Mo-08 Isotopic abundance | 24%

£

MoO; Molecular weight 143.95 (Mo0:66.6% O:33.3%)

MoO; Theoretical Density | 4.692g/cm3

MoO; Melting point 780°C

Hydrauhc Rabblt Irradlatlon Facility
5kkrabb|ts <®

REECEEERRE! KILIW‘INIOIPIQIRI

Qut
Hydraulic rabbit | ——u. tLLllbeer
irradiation facility
D-5 {existent) OO O Oo IFifer
/ }y:‘ tube

e - Core center =~

Rabbi‘t_~

T

[TTTT]

Al reflector
element\

el
|

.

ER

SERIEE S

[ Fuel element Be frame Core Grid plate
n %ﬁg&‘;’rmd with fuiel Oarai shroud facility-1

[ JAIreflector :
[ 1Be reflector Irradiation hole D-5
JMTR Core arrangement

rradiation hole
M-9

Structure of Hydraulic rabbit tube
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Estimated ®®*Mo Production using

Hyd Rabbit Irradiation Facility
Items Conceptual Study
Hydraulic rabbit irradiation facility New hydraulic rabbit irradiation facility
Irradiation hole M-9

Thermal Neutron : .
Rabbit Flux {max.) 3.5% 1018(m Q/S)
Specification

Number of

irradiation rabbit 5 rabbits

{max.)-
Amount of Mo production 37 TBg/week (1000 Ci/week)
Percentage for the amount of import About 20%

- Weekly production, 4 shipment/cycle
- 30days/cycle, Bcycle/year (180 days / year )

Contents

1. Introduction
2. P*Mo Production Plan in JMTR

3. Conceptual study on irradiation facility in JMTR

4. Conceptual study on post irradiation process in
IJMTR/HL

5. Conclusion




JAEA-Review 2009-072
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2. **Mo Production Plan in JMTR
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5. Conclusion
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+  ““Mo production method in JMTR is the “*Mo(n.r\**Mo
reaction, where the sintering pellet of MoO; will be used
as a target material.

4+ The hydraulic rabbit iradiation facility is selected as
irradiation facility of ®*Mo production, because the facility
is possible to irradiate the Mo target from short time to
long time without reactor shutdown.

+ JMTR will be able to provide ®®“MO at about 20% amount
of imported to Japan, by installing new hydraulic rabbit
irradiation facility in the reflector region of the core.
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