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SUMMARY

I. Project Title

Feasibility Study of Actinides RI Production for Research

IT. Objective and Importance of the Project

It 1s a well-known technology to produce new super—heavy
elements by the bombardment of target material with accelerated
particles or the heavy ion beam in the international academic society of
nuclear physics. Scientific technologies for producing new super—heavy
elements, such as target preparation, particle acceleration, isotopes and
elements separation, have been developed in the major countries, and
they have a strong background in this area, especially the basic
research on the actinide elements, with understanding their nuclear
physical and chemical properties. For any research institutes without
the capabilities of the actinide RI production, the basic research on the
actinide elements has been very much limited, besides their
collaboration research with the advanced institutes that can handle the
actinides material with their knowledge.

Most of actinides RI, such as Np, Pu, Am and so on, have been
produced in the Oak Ridge National Laboratory(ORNL), Brookhaven
National Laboratory(BNL), or Los Alamos National Laboratory(LANL),
USA. Especially, High Flux Isotope Reactor(HFIR) in ORNL is running
for the production of gram quantity of trans—plutonium elements, and
they have been distributed by the Isotope Business Office of the
National Isotope Development Center(former Isotope Distribution Office)
in world-wide. However, its international service activity for supply

and transportation of the actinide RIs, including any nuclear materials,
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for the research purposes has been stopped, since the 911 accident of
the year of 2001.

The research area utilizing the high energy and the strong beam
accelerator will be rapidly expanded in the country. We have a strong
infra—structure for the RI production, such as 1927 production for
industrial use and "™Tc production for medical use, and a good
technical background for handling highly radioactive materials inside
the hot-cell with the instrumental test technologies for the irradiated
materials and the experiences of HANARO research reactor operation.
It 1s about the time to be able to produce and to distribute the actinide
RIs for the research purposes, domestically. Utilizing a new reactor
for RI production and heavy ion beam accelerator with the reserved
technologies, the domestic production of the actinide RIs will gearing
up the basic actinide research, related to the reuse of spent nuclear

fuel and high-level radioactive waste disposal.

IMI. Scopes and Contents of Project

1. the investigation of nuclear reactions for the actinide RIs
production and the selection of the actinide RIs that could be
produced domestically in the present situation
- the investigation of nuclear reactions and the selection of the

actinide RIs
- the target preparation and the specified element separation with
its purification from the irradiated target

2. the licensing requirements for the domestic production of the
actinide RIs
- the shielding requirement for the production of the actinide RIs
- the licensing requirements for the production of the actinide RIs

and their transportation

= Viii -



3. the system establishment for the actinide RIs production in the

research purposes

IV. Result of Project

Reviewing the decay chain and the nuclear reactions of the
actinide RIs, it is confirmed that the bombardment of neutron or the
accelerated deuterium(3H) particle onto the uranium oxide(**UQs3)
target material 1s the best way in reality for the domestic production
of the actinide RIs. For the production of transplutonium elements such
as “"sAm and 242%Cm, least amounts of Pu-239 should be available for
the target preparation. For the production of transcurium elements such
as “®yBk and 24598Cf, a certain amounts of Am and Cm should be
available for its target preparation. As mentioned earlier, it seems to be
unrealistic in our present situation for the domestic production of
transplutonium, or transcurium elements, because of handling tens to
hundreds grams of fissile material like Pu-239, that is very tightly and
seriously regulated under the international nuclear security measure.

For the domestic production of the actinide RIs, the heavy ion
beam from the particle accelerator could be used as an ion source,
however, it is not a good timing to do so under our present situation
at the moment. Therefore, the domestic production of the actinide Rls

less than a gram quantity for the academic research will be limited to

239 237
f

238 239 .
NP, “esNp, “"osPu, and ““9Pu, since they can be

a production o
produced from uranium oxide(**UQs) target material. It will be
relatively easy to handle in our facility and it could be managed under
the international regulation of the nuclear security measure. In our
present study, we do not consider the production of transplutonium
elements that comes from Pu-239, as a target material.

A uranium oxide would be a starting material for the domestic
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production of the actinidde RIs used in the academic research. Thin
film of high purity uranium oxide(**UQs) on the paper, or the plate of
paraffin(plastic), or copper metal, as well as U-Al, or U-Si alloy rod
will be used as a target. It is well known to us that our technology
for a target preparation 1s far more advanced than the -classical
techniques when the transuranium elements were discovered at the
first time. The 1isotope distribution of the transuranium elements
produced in the target totally depends on the purity of uranium nuclide
in the target, the irradiation time under the neutron flux, the
accelerated particle energy, the cooling time after the irradiation, and
their separation time.

Since there are U-239, beta emitter and a half-life of 23.5 min,,
with its daughter nuclides, Np-239 and Pu-239 in the irradiated
uranium  oxide(**U0s) target, very neat separation and purification
should be carried out, in order to isolate the specific nuclide of the
TRU elements. The specific TRU elements can be separated by the
co-precipitation, extraction, and/or ion exchange methods, based on the
chemical properties depending on the change of their oxidation states.
However, very high purity of the TRU element with a specific mass
can not be obtained by these methods. In other words, it is possible to
separate the specific TRU elements individually, however, the nuclides

237 238 239
9sNp, ““94sPu, and ““o4Pu can not

with a specific mass such as 23993Np,
be obtained individually by the chemical separation methods. There is
an advantage that relatively high purity of the actinide nuclide could be
produced selectively, when they are produced by the nuclear reactions
using the high energy particle bombardment in the accelerator.

To produce the specific TRU elements by neutron beam from the
research reactor such as HANARO, and deuteron or heavy ion beam

from the accelerator, it i1s necessary to build up the target room and

the laboratories with a proper number of hot-cells and glove boxes, as
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a production facility. Since there are so many kinds of fission products,
that give off a strong beta and gamma radiation, in the irradiated
target, a proper number of hot-cells and glove boxes are set up in the
laboratory, in order to separate the TRU elements chemically. It is
required to shield the neutron and gamma radiation in the target room,
where the accelerated particle beam bombards into a target. According
to the national safety regulation against the domestic nuclear and
radiation facilities, laboratories for the production of TRU elements
such as target room and chemical separation laboratory are categorized
as a "non-specific nuclear facility” unlike a nuclear power plant. In
order to operate this facility, a number of legal conducts such as a
safety management on the radiation sources and the radioactive wastes,
a regular monitoring for an radiation exposure to the operators with an
environmental radioactivity around it, and measures of the prevention
against the possible nuclear accident should be carried out by
themselves. And the regular inspection on the operation and its
modification of the facility, including its quality control and quality
assurance, should be undertaken from the regulatory body(Korea
Institute of Nuclear Safety, KINS). There are a research reactor(called
HANARO), a nuclear fuel fabrication facility, back-end fuel cycle
facilities dealt with a spent nuclear fuel, or a radioactive waste
treatment facility, categorized as a "non-specific nuclear facility”.
Recently, the national achievement on our export of the commercial
nuclear power plant to UAE, and a research reactor to Jordan makes a
great influence on our nuclear technology development. For the further
technology transfer to the other country, it is necessary to build up
our own technology under the domestic nuclear R&D program. And
there will be a rapid growth of our need to develop the world
top—class technology in our academic nuclear society, and also, in

nuclear industry, when they are talking about the construction of the
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proton accelerator(undergoing at Gyeongju) and the heavy ion beam
accelerator(planned in the Science Business Belt at Sejong). One of the
most important step at first to develop our own technology in nuclear
industry would be an intensive investment on the basic research of the
actinide elements with a production of Nuclear Data Base by ourselves.
It is necessary to produce the transuranium elements as a starting
material for the basic research on the actinide elements. Considering
the international regulation on the transfer of the transuranium
elements from other institutions such as Oak Ridge National
Laboratory(ORNL), USA, we have to find out how we can produce
even a trace amount of the actinide RIs, or provide them by ourselves.

In this study, we try to build up how we can produce a trace
amount of the actinide RIs domestically for the research, based on the
scientific technology only, besides any political or diplomatic dispute.
As mentioned earlier in the report, we could produce 23993Np, 23793Np,
23894Pu, and “YoPu at first by the bombardment of neutron or deuteron
particle to the uranium oxide(**U03) target. First, a thin film of high
purity uranium oxide(**U0;) as well as U-Al, or U-Si alloy rod will
be used as a target for the domestic production of the actinide RIs.
And there will be no technical barriers on our technology for a target
preparation nowadays. Secondly, it seems reasonable that the HANARO
research reactor(thermal neutron flux : ca. 10" to 10" n-em®sec) can
be used as a neutron source, and so does a proton accelerator or a
heavy 1on beam accelerator as a beam source. In case of B uPu
production by the bombardment of deuterium (4 H) particle, the deuteron
beam can be generated from the MC50 cyclotron(10 to 25 MeV/30 A
for deuteron) in KIRAM(Korea Institute of Radiological and Medical
Sciences at Seoul). Thirdly, the radiochemistry laboratory, where a
proper number of hot-cells and glove boxes are set up to their own

purposes, should be prepared for the separation and purification of a
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specific TRU element in the irradiated target holding a number of
fission products. When we operate a new radiochemistry laboratory for
such a purposes, a number of legal conducts on nuclear safety will be
carried out and the regular inspection on the facility should be
undertaken from the regulatory body. Thus, nuclear R&D activities
done in the facility should be transparent internationally. Especially,
the TRU elements are classified into a fissile material and an isotope
by the law, and the material balance account(MBA) on them should be
managed and clarified to the IAEA. Finally, this facility are categorized
as a "non-specific nuclear facility” like a research reactor. By the law,
the safety management on the radiation sources and the radioactive
wastes, the regular monitoring for an radiation exposure to the
operators with an environmental radioactivity, and measures of the
prevention against the possible nuclear accident should be carried out
by themselves. And also, the regular inspection on the operation and
its modification of the facility, including its quality control and quality

assurance, should be undertaken from the regulatory body.

V. Proposal for Applications

At present, the domestic R&D activities on TRU elements have
been very much limited to the case, that is used a tracer—level of TRU
elements. One can easily expect the growth of our needs on the usage
of TRU elements from now on, in order to carry out the domestic
R&D program, such as the development of pyroprocess, that is, the
utilization of spent nuclear fuels to the fast breeder reactor and the
nuclear safety research on the severe accident or the high-level
radioactive wastes disposal. Thus, the domestic production of the
actinide RlIs for the academic research will meet their needs steadily in
such R&D programs. It will be gearing up the academic research on

the actinide RlIs that makes an important role on the nuclear safety of
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the technology development in our nuclear industry. And also, it will
give us a great opportunity to improve our capability of the basic
research on the TRU elements and an expectation to build up our

competent ability in the field of world nuclear industry.
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U-238 Atst&E 4o SAAE £33 YAE 7S SEAo=ZN 29ddn
(Transuranium elements, TRU)E A4t o+ & ddsS JdESFoH, 4
Aoz el FAAEZE oJH® Pu-239 FAHEAS
transplutonium 92 (*"sAm, “26sCm) A kS-S B Ao A 1#etA &%
& AN ol g AEd AR A, 3 JMEE 243 FFAAAGH)
7b: agla EUEdE U-238S aEsohd, oo dake (1), (2), (3), DE
o] g3te] *oNp, *oaNp, “FoPu, PoPust e GE Vo= FHALE A=
Aol AR 7M5d o= dAddrt ey, 7|EY] A 7S] d =
FT ol YAE THER F A= TSV el AXEud, e 59
©

Az E =W, C, 0, ®Ne, “Ca 5)= 7143l9] transplutoniu

238U + 1gn — 239,U + ¢
- L (t4» = 23.5 min.)

23993Np (t42 = 2.35 days)
2) %osNp kel whe kg

238U+ 1,n — 237,,U + 21n
B~ | (typ = 6.75 days)

237,.Np (t42 = 2.14x10° years)
3) 23894Pu /‘3_3’1‘}01] Lq'% ——HE]_%

238,,U + 2,H — 238,,Np + 21)n
B~V (t42 = 2.12 days)

238, Pu (t,, = 87.7 years)



4) ®opu At wE ks

238 U+ 1on — 2395,U + v
B 4 (t42 = 23.5 min.)

[—))-
239,,Np (t42 = 2.35 days) — 239,Pu (t;, = 2.41x10% years)

A e £ AdS Aro dAFE Pu-239 EZo] FHF 3lal, Curiumk.th
AL An 92, F transcurium 92(PyBk, “PeCHS e YElAE Am
EE Cm 42 w5 5 de d4%Fe Am, Cm £4co] FuFojof F
WyBK, “PeeCfy} 2 transcurium 9AE AAEL7] 9)Ete] Pu-2398 EwEF
2 agggd, FAAAEe] & AFZAA Pu-2395 Pu-242, Am-243 %
Cm-2442 wW&sh= #gle] Adsfojop 2ty o5 S%, Pl Oak Ridge
National Laboratory®] High Flux Isotope Reactor(HFIR, neutron flux = 5 x
10" 'on/em®9)E T4 Aoz #gats 4%, 1 kg Pu-239/Aluminum g3
B FREARNE 006 kg Pu-242, 0.03 kg2l PuAm+MuCm3} 091 kgol )
d = Ak B AT wE 4= W A4 EHE An
T AAFE A EgE 5 Ak HFIR WollA 10 go Pu-242& &3t
ZAA71E A9 ok 17 g9 MeCm(*eCm+* oeCm), 0.46
mgo **9Bk, 52 mge *sCfel AAFHTH(1™ 2)(R. D. Baybarz, Atomic
Energy Review 8, 327(1970))
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19 2. Transplutoinium elements production by the irradiation of 220, Pu

in the High Flux Isotope Reactor at ORNL

oA AF3 gy 7ol transplutonium 94, X transcurium 4AE A
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Berkelium

Plutonium Americium Curium l Califo_rnium

ra 2 A i\ /\\
239 40 24 A2 23 U3 WA 2L U5 U6 AT A8 A9 A3 A9 /OB 2D A3

oo | DL IN ) LN

o 0.3% Fission products
0.3% Fission products

20%
Fission products
e 0.3% 252Cf yield

Fission products

30%

70%
239Py + 13Neutrons — 252CF

~
Fission products

19 3. The yield of P2Cf on irradiation of “Pu with reactor neutrons.
The thick arrows indicate fission on neutron capture. Thus, 10096
90,Pu gives 0.3% 25298Cf, the remaining 99.7% of the initial oPu

undergoing fission in the course of the production process.
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o} Pu-2395 vl SRl 7] Wi 543 An FHILALE AAsy] s
of AEg ekl Vless Eaotal dojof @tk FE Abstg Wste e g
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Sample Solution —| - Addition of tracer(®42Pu, 243Am, 236Np) to an aliquot containing 10 pg of uranium

- addition of 14M HNO3 1 mL, evaporate 3 times

-12M HCI 1mL, evaporate/dissolve completely in 6M HCI 1 mL
REDOX - 0.05M NH,OH.HCI-0.1M HCI, 3 mL(1M 0|5t H_?%XI)

- stand for more than 1h : Pu(IV), Np(IV), U(\Vl) 2 &=t

- evaporate to dryness

|— dissolve in 3 mL of 9M HCI-0.1M HNO; and loading
—wash twice with 1 mL of 9M HCI-0.1M HNO;

—— 3 mL of 9M HCI-0.1M HNO3

—— 3 mL of 9M HCI-0.1M HNO3-0.01M HF

I— 1mL of 12M HCI thrice
6 mL of 9M HCI-0.1M H
stand for more than 3 h
6 mL of 9M HCI-0.1M HI : Pu(lll) &

6 mL of 4M HCI
stand for overnight
6 mL of 4M HCI : Np(IV) 2&
—3mL of 0.1M HCl 3 mL : U(Vl) &

Anion Exchange Column: mm x 80 mmH
AG 1?8 (100~200 mesh)
| | |

[Pe J[m J[ v |

v

Electrodeposition |— Alpha Spectrometry

L 237Np/236Np |—> ICP-MS

a9 4. 2AFS target Wl An 94 U BE/AAE A s EE e E

aeh, FA4 AL ol gk 49, H4EQ U TRU 3L xe 542
A SebE BA9Ae R, TAA B B A b oux, ¥z
AR B/ Aol wek A" Wk ohuel, gue g5hd e/
o2& #E S EQW AL e An 59924 TN I $E Qo
% Ftd 2EE 53 54920 AW e beshd, 54 A9 2
Np, “oiNp, FoPu, FoPu HEEL £5e AR Ag FE QU o
A3 SHolA AL S AR ke B4R, WwH LEE An B

4 0
%
rr
ol
ja)
ftlo
e
iy
i
=
e
%
%0
£ K

CEECIE EEE D)



A3 A YYo= T dan Bikel] WE AP A

27 4 A7}

TAA AA(AFE AAE, dF 54 stUR), FdA, BE Fol=dA vt
£715 o] &3te] wHEHe An FHELAEAE A= A|AHEE target room,
hot-cell, glove box& Zt+ A E0o] asith A d 452 o sk wE,
Arbd s wEste dRdAPES Frsta 7] wwel, 54 An YA E
stk oz Bysly] 9 A AL hot-celld} glove box7} A X% o] glojof 3t
o 543 7ME A7 FESA E & target room FA Ao #wpA o] )
olof gtk AA, =l AAHAA H AR g b qfAlel] W=, o]
ARAES Ve A AR BRE, AP, A H 7=, S AL
S, WA 9 W As Aol #e ARt E S AAIA R dElstolof b,
Shet 471 AAF 2 2 WAAAE did AALE AT He

3L
- o
o2 wolop @l YAHWAL 9 Ve A4Y A2 B

==

ok

M o

ZjI o L = %EI}L:
S AxE AdEE ATREHR) 2 28§ A4, A9 AR EE T8
5949

Az A, AEFHAR AP AMs 2 HARF] A, BAHY
S|
=

7h ZpHAAe) A7) 2 x 8
An F9YE S 2AS g
AP EE 3l B TR FaE F olon, 7 dAEE AALFY] Aol
dastt, AEgdAY, stetEy 2 IFdAelA 2% = 33 hotcell& 6
m(L) x 2 m(W) x 4 m(H) =< A7|7} 22} asie) w3 gqAqgdx=g A
9] hot-cello] Hgadtrh A3 Ao Fx= FANF target®] & HAgolA A
5= jodine, xenon %9 fission gasE i@ sloloF s, AL AAH I E
o nFES WA EAES kA AFE F de AdsS 2P a-y type

hot-cellZ24] =& ZAZEZ AxH A A olojoF s},

=

G AL 7 W BEAY ]

An AL ELS ZAMS targete ZHEH 33 /A4 #FES AA A

z=7

M

Aoz dojny. ofwf Al Ao LAE = HAAH V=2 o] AEE B
Za Efster aFEe Adoer ERHEY, HA AFxE ofFH LAV

_10_



By Aeleth, 2AFSE targetol] Wit 7 ALY HrHAe dE £,
U-2359] FF%7F 93 w/ogl $-8F ®AE core zonedlAl 54 F<d FAAZ
o oF 1,400 Ci/gel WAbso] wAY = Aoz d4#fx Aok $8u7 7+ JddES
hot-cell WellAx 85 g AFg&3tttar 71AstH, A8dx]g 2 3tetEe] dA o A
°F 11,800 Ci¢] WAles Heolw, 3 24 #7jez L% = AHL 10,220 Ci
=2 dex ol

o

O

b A7 1289 9 A0 E

2742

o

_L
ot
Hl
o
L
)
rO
-4
o
N
N
>,
(e
lo
2
~
MN
i
k]
)
_0|L
2
o,
NI
[
ol
rlo

olo} 7o HEMIY 7)|Fo] 95 hotcell B TF ZATE(345 g/cm’)
Heol FAE 102 cm, FAH L 845 cmE ¥ 5}

ofof &t} ojuf AHE ANERE

7} 1 mrem/hr ©]3, A4 A9+ 145 mrem/hre] AF&=2, AAd 71Fols)

o e 98+ 3

 wAHE dRge AW, 9w SvdA 7

T, 3L 1o,

2. JoiAel B4

A A el G4 g7 Be deS fAske] ALY E o] 9
v fEHe AL PASES AAHolol &, ZAF targets AFEA B
of wel ay A7 Aojojol ek WA, EAUE AL 9T hot-cellS
ARRATY BH hot-cellS FEE ThST e AAZEGE 1)o] AT A
o= AL,

>
=

_11_



!

=0
K
N
M-
o)

<
A}
g

alo

o]
U

Al

e
B/

o

£ 29 P

- ARE A9 9A]/FFx F A

iy

olo

Y
=il
ol

i
B/

o

B

2]

o

:[L

RIS

S

| A=

|

hot—cell®] A A 7]+ k=

1

°
p A

2 9

=

- AAAE S A/ B At
- 7l Al e f1A/ g R A

hot-cell®] A A 7|5 H] 2L

T 2 E
= o | B | < | :
B~ & o ~EIEE s
U NS 281 H8| <
= | = 2 |k T3 E5| ¢
(] S & S
O | — | P = 0S| ;S -
NG (R) 20|20 S
L o | LB T ET| B
.m ﬂ,l — Lo — A~ = =
A | -
oF
H._ .NE .H.
~
= s I sl B R B -
o | - N ool o o Ay o =
— | & < ~ = = =
m < = T = T | o8
~ = - h | ZE
— o B 2| B | ==
= SE B R e | 2 |5
= 2|7 (S| A A g
N -
g s | g
O o iy
o Bl o E E o
g e < < £
Bl =8 8|3 ¢
= T|BlE|El 2| 2|9
T ! S N = & -
= oy & = = S
e R B B B O S Iy
n,/u aist et
o &
W iy iy iy
o) il L EE
] y M N ~
T+ K o A
— | A Mo =
- | 2 B | F :
= i
X

Ny
ojn

)

tol Al E = of of

S

o 7S HH

A5

3|

EEE IR IR

e
fins

Ayt ¢

1

4

e

o

R

517ks)

7 Aol

71)

N~
i
B/

o

—- 9xE W A43%(

|

A
_12_

p=2
¢}

J 7 A 142 (A

A 447 (3] 7}

Al

)=2]
H
H

4
A

]

==
R

o



o] o} Qo] e}
et FEolA
A (4 A

2 -]

o]

2} 7147)
A% Aol g@ 277t

2~ =
T=
[e))]
H
ol= g

=
)

<]

S

]

o

+ =

)
IRE

=
3

]

] 22 9]

-

R

LA v AAA

]

A
AN

)

Y

A7
SerElYy, weA,

S

H
o=

3t

=

al

7

|

=1
A A o =2
s

A

=

=

2
A7)l of of

A

]

-
fus

stol A

[e]

S

51]
Data Base
13

=

=
e

BH

=
Eal=

2]

transuranium

o]

a

S
&

= 7]

ZY oA 29 FR7F s AAdoz A

[e)

folol A FFR7] o] H&

)= Oak Ridge National Laboratory(ORNL)=4-H
[e)

.

A4 An FAULE o o%

o] x ol

1o

EREE

o

al

A

L

[
=

)1\1,

-
1

Rt

|

ofy
[0

<0

7]

ey
=

R

AR =

2(3H)

e 7}

e
2

|

-

ez a7e

°©

.

S E &

s

2

Fol U-238

A
h

.]

°©

[e]

g 24, F4%

, A

R4

Sk wke} o] ] oS a1y

AN HE
Z
4

R

<5

o)

==
K3

tt.

(

)

ol

il

o]

R

¢+

7ol
oo
ol

ol

ki3

o] ¥

.

]

hot—cell¥} glove box

o],

o

LN

], An 9425 7}

oF sa Ar1MoE FAVBORTH AA EE PAL o Fold AAHom
_13_



=0

wK

o

at

g

Zs

0742 o] 4

=

FojoF sfaL, &

WAL o)

, WAL A 7]

i=d}
=

1

2

I

Aoz #a

‘]
&

e A4
AR
2}

Rins
]

<l

i)
=
=2 =

5}

=1
TR RBFEY

A}

o

R

A4
B3

J
Aol 2

A
=2

s

L
=]

%
e A

1

A

A

I

I

3T

o

=

o

w2 o}

el
FA Wt e

1

T
p 4

ks
-

b}

= yofo}

ol
X

J

32 3]

_14_



M 4 & A=

239pr ZSSPU, 239Pu> }1\_1 Xg

*An LA v AAAAA Y

_ =
AT5E L A4 7t (%)
. a A2 B Awe AR
s azg | Y A i o n el
An 599l n e 2 Aol JbEE ATE An B9 AA,
n s _
A 9w gz B AR grekskel TN Np, TPu, | 100 %
T e Lk
7
= S TRUY 2 A #d R84z 7% 28
2AF T ) « ZAF ¥Z U TRUY A 71d 2e/AA Axt
3}
574 AntA S
« XA ZAF % TRUY A 71dE B2 /AHAA waE 100 26
el /BA 7= AHFAA oA A
= o &3 - UE
AA F
Anatel mE L a9 bk Ae 2 Qe BE ) A
21382 shielding | A&
_ _ - N\ 100 %
a7 B Al |+ AFA WAL 2 D Q1F ) @ ALE mot
A}E & 2oHA Al 23 HE
« EAAZ, TRU 94 7 2a/44 2, 2
A& 2 Ad 2 Ayt #E WA FAed AR
AnEY A |+ I Al JMsd dFE TRU 92 'Np, | 100 %

_15_




7))

9

-
1t

5

<
T

==
LT PN

[€)

FAY, == TRU

°©

(dA ~ =A

=

3]
ao] T A

)

¥
RS

287

o] &

K
S ow
S
(m]  [m]
o
— | ® -
ﬁ N ~—
£
A - i
o H
4| = mw °
L o 5
HOAr of
W
(m] (m] [m]
&o Ex_ 1:0
,_ﬂa ﬂ 17r
ar =K oo
o 7 W
< o R
- 3m
N X
(m] [m]

7}

4
A58 TRU

1

1
=
o

=]

i

7

7

ol

iy
4

Gl

L}L

T

&

ki3

ol S A,

f s

A

: TRU 948 °|&

A FAle]
AaA e o

A& TRU

RSN

1
O

]
1

-

1€
2
ol

=

=
A5 O
ko3

-7
AE

)

¥

]

e
R

e}
R
[e)

. IA F8% 3d~54

- TRU
. HA Fw
« TRU

i

G

.=
1o

=

_TL

-

53

ko3
T

'5;]:

o

olo
e

LRI

_16_




i

g AT, AR ST

L ol&& 9, “UAd 994 =l Aabete] ¥
gal) 1999

2. S E LA, 20090 = WA o] & FA”, 2010

3. G. T. Seaborg and W. D. Loveland, "The Elements beyond Uranium”, 1990,
John Wiley & Sons, Inc.

4., C. Keller, "The Chemistry of the Transuranium Elements”, 1971, Verlag

Chemie GmbH

_17_



17
uho]

o

ass

-

-

B

k)

bopo
o] 43

0]
yul

Ho}

&} o of

S

H715) @

&7H&

S

i

0]
yal

§j_

Al
ar

ofJ

o Aol o
o F4e o

5}
5}

3.

kel

A43Z (A ZF7)AY 9

@ A1

—_
fi%e)

A4

A2

3l 49 -

R

A

I

9

o
pul

e}
=

7+ -

3ol of

A

A3t el

SEEEEE

s

&

=]
T

)

7

T

vze)
w
'3

1

0]
yul

o Aol o3

3

A 2%

=i
=

2

kel

A46z"72 B},

A/

) A43z2A1

==
s

7]

[€)

<2005.12.30>

5] 7}

132 A435% "A|172"
[¢}

© A13z%] FAHS A1Fg =
L 2HA

A 442 (

o

el
e
Jo
il

)

—_
o

NS
el

R

£l

file)

el
o=

2] o] 2] o]

2| &

by

L

;02
ToR
N

_18_




= oo
A1452(AARAH) O W§ A43xA28 EEdde] FAol osto] ALEF3]
QuALAYL NG WA S A AL W& e R o
Ast= wpo 9 Fle] A AANAAE ZAsle] FERREAT A A ZsFo]ok

A},
@ ANBEAZEE] FAL AL 4 o AGAHe] B kx9l

3o Ao ol& =&3th

_19_




/\1 x] 23 A=h ook Al

TN BRIANAS | JEV|BRIAHE EZRIANHE INIS FA47Z=

KAERI/RR-3330/2011

A% /A A7 obEtol= FolAA T A4 BEy AT

= ¥ A o A ke 7] S daE AT ukagd 2011
7 o] A 35 p. = % (0, gl ) | 2 7 Cm.
AL AL}

FMelE | FACO ), HEFAC ) e .
el i (), _ wHd

AT Ak M3

=5 (15-20&=W9])

o AA7FA FUdA TRULAZE Udo=z 3 AFE ATy JEHIdTE
Aelatiie wj-¢ AFHom s gt T k&Y dHE AT &
A 3tE 3 RI A4 7|\
ato] AATF7] HH 7

Aok webAM, An

QL
4>inm

Y goz TRUAE 443 Bdd duse 2Ashn, =
@ TRUHZE dAstgon, 30 442 7% 5298
CzAE B4 O 54 TRULZ Bel/44 7% 248 S5
1] AL A R A R ool WE S RS AR
HelA AL b5 E AT eteltel= BelAa AAAAT ¥




BIBLIOGRAPHIC INFORMATION SHEET

Performing Org. Sponsoring Org. Standard .
Report No. Report No. Report No. INIS Subject Code

KAERI/RR-3330/2011

. . Feasibility Study of Actinide Radio-Isotopes Production for
Title / Subtitle Research

Project Manager

and Department Won-Ho Kim, Nuclear Chemistry Research Division

Researcher and

Department
Publication | pyaejeon | Publisher KAERI Publication | 991
Page 35 p. Il. & Tab. Yes( O ), No ( ) Size Cm.
Note
Open Open( O ), Closed( )
Clussifiod Res triclgeocl(u r)r’l eFClaSS Report Type Research Report
Sponsoring Org. Contract No.

Abstract(15-20 Lines)

At present, the domestic R&D activities on TRU elements have been
very much limited to the case, that is used a tracer-level of TRU
elements. Along with a discussion on the establishment of high energy
accelerator, it is about the time for an investigation on the possibility for
the domestic production of the TRU elements.

After the investigation of nuclear reactions for the TRU elements
production, the TRU elements that could be produced domestically are
selected under the present situation. Technologies for the target
preparation and the specified element separation with its purification from
the irradiated target are reviewed with the licensing requirements of the
facilities, related to the domestic production of the TRU elements. The
domestic production system of the TRU elements for the academic
research is established.

The domestic production of the TRU elements will give us a great
opportunity to improve our capability of the basic research on the TRU
elements for our nuclear R&D programs and our nuclear industry.

Subject Keywords |Possibility of domestic production, the TRU elements, Target
(About 10 words) |preparation, Separation and purification, License




	표 제 지
	제 출 문
	요 약 문
	목 차
	제 1 장. 서론 
	제 1 절. 연구개발의 필요성 
	제 2 절. 연구개발의 내용 및 범위

	제 2 장. 국내·외 연구개발 동향 
	제 1 절. 국내·외 연구개발 동향 

	제 3 장. 연구개발수행 내용 및 결과 
	제 1 절. 악티나이드 동위원소 생산 핵반응, 핵종선정 및 표적 제조기술 
	제 2 절. 조사 표적 내 특정 악티나이드 원소 분리/정제 
	제 3 절. 악티나이드 동위원소 생산에 따른 실험실 차폐요건 및 인허가
	제 4 절. 연구용 악티나이드 동위원소 미량 생산체계 수립 

	제 4 장. 연구개발목표 달성도 및 대외 기여도 
	제 5 장. 연구개발결과의 활용계획
	제 6 장. 참고문헌
	부록
	서지정보양식

