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Introduction (1/2) @
B f
m Background
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

JAEA has a plan to produce ?**Mo (parent nuclide of 2°"Tc) to meet the
user’s requirements .

O



Introduction (2/2) @

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

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

2. BMo target method (n,y) [ *®Mo(n,y)*?Mok-— 99MTc]
Using 98Mo target.

%Mo 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 JIMTR

@

Demand of °Tc is increasing rapidly
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Mo Production and Utilization of 2°mTc

— @
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Planning of New lrradiation Facilities

'New Irradiation Facilities

@

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

Work schedule for the installation of new irradiation facilities

*Mo production
facilitv
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LWR fuels for ramp test | Conceptual |Detail design
Material Tests SR Designing, Fabrication, Installation 2 units 1 unit
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*1 : In order to prepare necessary space for new material irradiation facilities installation, existing facilities are to be removed.
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JMTR Core and *°Mo Production Facility

New °°Mo-production facility
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Hydraulic Rabbit Irradiation Facility and MoO,

——— @
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Molybdenum trioxide ( MoO; ) properties

Pellet type Sintered type
Sublimation temp. ~750°C

N /

Hydraulic rabbit irradiation facility

Mo-98 Isotopic abundance | 24%

MoO; Molecular weight 143.95 (Mo0:66.6% 0:33.3%)

MoO; Theoretical Density 4.692g/cm3

MoO; Melting point 780°C




Hydraulic Rabbit Irradiation Facility
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Estimated °°*Mo Production using
Hydraulic Rabbit Irradiation Facility

@

Items

Conceptual Study

Hydraulic rabbit irradiation facility

New hydraulic rabbit irradiation facility

Rabbit
Specification

(max.)

Irradiation hole M-9
Thermal Neutron 18/ ~n-2
Flux (max.) 3.5%10 (m /S)
Number of

irradiation rabbit 5 rabbits

Amount of Mo production

37 TBqg/week (1000 Ci/week)

Percentage for the amount of import

About 20%

- Weekly production, 4 shipment/cycle
- 30days/cycle, 6cycle/year (180 days / year )
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Post Irradiation Process in JMTR  Hot Laboratory@Zy)
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*; 9Mo is dissolved from MoO, pellets by easy chemical treatment using sodium hydro-oxide (NaOH)



Outline of ®>Mo Production Process @
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Outline of °°Mo Production Process@

in the Dismantle of Inner tube
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Conclusion @

+ 99Mo production method in JMTR is the 9 Mo(n,r)*°Mo
reaction, where the sintering pellet of MoO4 will be used
as a target material.

+ The hydraulic rabbit irradiation 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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Introduction (1/2)



○Demand of 99mTc (half life 6h) used as a radiopharmaceutical increases up 

    year by year, and will be expected to expand in future.

   

○Supply of 99Mo in Japan depends fully on the import from foreign countries. 

  

○In 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.









 

JAEA has a plan to produce 99Mo (parent nuclide of 99mTc) to meet the user’s requirements .

Background

Why?



New irradiation facility
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Introduction　(2/2)



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

How?

99Mo production in JMTR is using a simple (n,γ) method taking account of advantages on low wastes production as well as low production cost. 

1. Nuclear fission method (n,f)

    Using high enriched U-target now. The target will be changed   

    into low enriched one due to NTP reason.

2. 98Mo target method (n,γ) [ 98Mo(n,γ)99Moβ-→ 99mTc]

   Using 98Mo target.
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99Mo Production in JMTR







Comparison of two methods

Demand of 99mTc is increasing rapidly

99Mo 100%　import

100TBq/week

Rate of consumption 

β-

β-



JMTR contribution to user’s market

		(n,fiss) method		(n,γ) method

		Production method		235U (n,fiss) FP→ 99Mo →99mTc 		98Mo (n,γ) 99Mo →99mTc 

		Cost		High		Low

		Nonproliferation 		X		○

		Specific activity		High		Low

		Impurity 		High		Low
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Domestic production

of 99Mo

99Mo Production and Utilization of 99mTc

99mTc

T1/2: 6 h

Medical diagnosis

99Mo

99mTc

99mTc





+ medicine

+ medicine

Pharmaceutical manufacture

Hospital
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T1/2: 66 h

Production of 
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（fission method）
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Import crisis

		Sep. 2001 (about 1 week) by  influence of 



 American synchronized terrorist attacks

		Nov. 2007 (about 1 month) by problems of
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(n,γ) method

99Mo 

product

JMTR
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New Irradiation Facilities

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

*1 : In order to prepare necessary space for new material irradiation facilities installation, existing facilities are to be removed.

Planning of New Irradiation Facilities









5













Contents

１．Introduction



2. 99Mo Production Plan in JMTR



3. Conceptual study on irradiation facility in JMTR



４．Conceptual study on post irradiation process in 

     JMTR/HL



５．Conclusion



*













New 99Mo-production facility







Reflector region 













Fuel region

JMTR Core and 99Mo Production Facility

Control rod with fuel follower
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Charging section

Rabbit

Pump

Discharging section

3way valve

Core

Irradiation 

tube

Pressure vessel

Hydraulic rabbit irradiation facility

A typical rabbit and its cross section













Molybdenum trioxide（MoO3）properties 

Ending plug

Welding part

Outer tube

Inner tube　

(MoO3　pellet　inserted)



Hydraulic Rabbit Irradiation Facility and MoO3

		Pellet type		Sintered type

		Sublimation temp.		~750℃

		Mo-98 Isotopic abundance		24%

		MoO3 Molecular weight		143.95    (Mo:66.6% O:33.3%)

		MoO3 Theoretical Density		4.692g/cm3

		MoO3 Melting point		780℃
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ＭｏＯ3粉末を焼結



ＭｏＯ3特性



端栓



外筒



外観



ＭｏＯ3物性値



三酸化モリブデンの特性及び物性値



φ32



150 mm



ラビット試料外観図



内筒(ＭｏＯ3ペレット挿入)



挿入装置



断面



水力ラビット照射設備の構造(概略)



取出装置



98Ｍｏ存在比



3.25～3.4g/cm3



～750℃



ペレット製法



ペレット密度



昇華開始温度



分子量



密度



融点



143.95



(Mo 66.6�


23.75%



4.692g/cm3



780℃　融解



原子炉
圧力容器



炉内管



炉心



ポンプ



三方弁



ラビット



ラビット試料の概略



溶接部







Outer tube

Inner tube

Core center

Rabbit

Al reflector element

Structure of Hydraulic rabbit tube

Irradiation hole

 M-9

Irradiation hole D-5

Core Grid plate

JMTR Core arrangement

Fuel element

Control rod with fuel follower

Al reflector

Be frame

 Oarai shroud facility-1





Hydraulic rabbit irradiation facility D-5 (existent)

Hydraulic rabbit irradiation facility M-9 (new)

Be reflector

Hydraulic Rabbit Irradiation Facility







5 rabbits

3 rabbits
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制御棒



アルミニウム反射体



べリリウム反射体



Ｂｅ枠



OSF-1照射設備



既設水力ラビット照射設備



増設水力ラビット
照射設備予定照射孔



照射孔　Ｄ-5



予定照射孔　M-9



増設水力ラビット照射設備



ＪＭＴＲ炉心配置例



格子板



炉心中心



周辺要素



内管



外管



ラビット試料



照射孔M-9の格子板は、D-5に比べて穴径が大きいため、炉心部寸法を長くすることができる。



水力ラビット炉内管(炉心部)構造　【案】



既設水力ラビット
照射設備



照射孔　D-5 用



照射孔　M-9 用







Estimated 99Mo Production using 

Hydraulic Rabbit Irradiation Facility



		 Weekly production, 4 shipment/cycle



- 30days/cycle,  6cycle/year (180 days / year )

		Items		Conceptual Study

		Hydraulic rabbit irradiation facility		New hydraulic rabbit irradiation facility

		Rabbit
Specification		Irradiation hole		M-9

		Thermal Neutron Flux (max.)		3.5×1018(m-2/s)

		Number of irradiation rabbit (max.)		5 rabbits

		Amount of 99Mo　production		37 TBq/week (1000 Ci/week) 

		Percentage for the amount of import		About 20% 
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Post Irradiation Process in JMTR　Hot Laboratory

From JMTR

Dismantle of outer tube

Transfer







Rabbit

Dismantle of inner tube  Dissolution and Adsorb 

Product inspection

Packaging

Shipping

to pharmaceutical manufacture

*; 99Mo is dissolved from MoO3 pellets by easy chemical treatment using sodium hydro-oxide (NaOH)
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Outline of 99Mo Production Process



to pharmaceutical manufacture

Using sodium hydro-oxide (NaOH)
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Outline of 99Mo Production Process



Using sodium hydro-oxide (NaOH)

to pharmaceutical manufacture

(dsorb)











































































End of Irradiation
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Quality Check

Enclosure Container
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JMTR-Hot Laboratory
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PZC: Poly Zirconium Compound

99Mo Solution



PZC-99Mo
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		 99Mo production method in JMTR is the 98Mo(n,r)99Mo reaction, where the sintering pellet of MoO3 will be used 



     as a target material.



		 The hydraulic rabbit irradiation facility is selected as irradiation facility of 99Mo 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 99MO  at about 20% amount of imported to Japan, by installing new hydraulic rabbit irradiation facility in the reflector region of the core. 



Conclusion
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Work schedule for the installation of new irradiation facilities


No.   Item                  Year 2006 2007 2008


2009


*1


2012
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Fuel irradiation facility


      Irradiation facilities for


      LWR fuels


2010


5





Fuel Tests


     Irradiation facility of


     LWR fuels for ramp test


Material Tests


      Irradiation facility for


      LWR core materials


New industrial use (1)


     


99


Mo production


        facility


New industrial use (2)


      Silicon semiconductor


       irradiation facility


3





Designing, Fabrication, Installation


Designing, Fabrication, Installation


Conceptual 


design


Detail design


Detail design


Conceptual design, etc.


Conceptual design, etc.


Conceptual design, etc.


under consideration


under planning


under consideration


2 units


1 unit
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