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Artificially Radioactive Element 85

D. R. Corson, K. R. MAcKENZIE aAND E. SEGRE
Radiation Laboratory, Depariment of Physics, University of California, Berkeley, California

(Received July 16, 1940)

Bismuth bombarded with _32-Mev_alpha-particles becomes radioactive. Two ranges of
alpha-particles are emitted, one of 6.55 cm and one of 4.52 em. These two alpha-particles are
not genetically related. There are also x-rays which show the absorption characteristics of
polanium x-rays. All these radiations separate together chemically as element 85, and all
show the same half-life of 7.5 hours. The probable explanation of these effects is the following:
Bi!®, by an (a, 21) reaction, goes to §5*", which decays either by K-electron capture to actinium
C’(Po*) or by alpha-particle emission (range 4.5 em) to Bi®7, The 6.5-em alpha-particles
are those of actinium C’, According to this scheme the second branch from 85! leads to B2
which should decay to Pb*?. As vet we have been unable to find this activity. We discuss
the chemical properties of clement 85 and show that in general its behavior is that of a metal.

A I Y5385
Bi2%9(a, 2n)85211

Corson DR et al.; Artificial Radioactive Element 85. Phys. Rev. 58 (1940) 672
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Technetium : the Element of Atomic
Number 43 B

I 1937, Perrier and Segrd showed that radicactive
isotopes of element 43 could be formed by neutron
or deuteron bombardment of molybdemmal, Several
X chemical properties of element 43 were established
i at that time, and some nuclear properties of the

speetral isotopes. These isotopes were found
i nuelear bombardments by the 37-in. eyclotron of the
5 Radiation Laboratory of the University of California.

Later on, Wu and Segréd found also element 43
b wmong the fission products of uranium, a source
& from which relatively large amounts of 43 can be
i iaolated®.

It seexns appropriate now to give a name to this

eloment, as suggested by Paneth®; and we would
4 liks to propose the name of ‘technetium’, from the
" Greele Teywyrés, artificial, in recopnition of the fact
i that technetinm is the first artificially made element.
b The eorresponding chemical symbol should be “Te'.
C. PorRrmn

] University of Genoa,
i Tialy.
E. 8zorit
University of California,
Barkeley, California.
Nov, 20, .
& Perrier, C., and Segré, B., J. Chem, Phys,, 5, 712 (1087 ; @ (1938).
' Hegrs, K., and Wu, C. 8., Phye. Reo., 57, 552 (1940).
® Paneth, ¥, A., p. 5 of this issue of Nefure.

it i o

Astatine: the Element of Atomic
Number 85

Tx 1040, we prepered the isotope of mass 211 of
lomont 85 by bombarding bismuth with alpha
b particles aconlerated in the 60-in. oyclotron of the
1 Radiation Laboratory of the University of Celifornia?.
t At that time we established several chemical
! properties of element 85 and we made a fairly
] complete nuclear study of the isotope formed.
] It has been pointed out Lo us® that a name should
3 now be given to this new element, and following the
-; systern by which the lighter halogans, chlorine,
]

i

ke

bromine and iodine, have been named, namely, by
modifying a Greek adjective denoting some property
of the substance in question, we propose to call
alement &5 ‘astating’, from the Gresk E&owatog,
unstable. Astatine i, in fact, the only halogen with-
out stable isotopes. The ecorresponding chemical
symbol osod is At
b B D. R. Corsox
Cornell University,
Ithace, N.Y.

K. R. MAcERNZE
University of British Columbia,
Vancouver, B.C.

E. Smork
University of Califernia,
Berkelay, California.
Nov. 20.
T cmnnri_ ;a R., Mackenzie, K., and Segrd, E., Pl Rev,, 57, 1087
1040

+ Bageth, T. A., p. B of this lesue of Nature.

i
i
!
!
H

Perrier C et al.; Nature 159 (1947) 24

January 4, 1947 vl iz

British Universities and 'Secret’ Theses
for Degrees

Ix his presidential address to the Royal Souigy
gSir Robert Robinsen is reported in Nature of Deouy,
ber 7 (p. 825) as having said, “Nevortheless, the
universities have preserved intact their preclo
liberty of action, and I see no signs of any atiomm
to curtail it. Surely this suggests & feasible line of
demareation in that extra.mural contracts, piacedhr i
Service departments with the universities, need ny, |
and should not, contain any clauses restricting fry |
publication of the results. Although it has some. |
times been irksome, the refusal of many universiti |
0 aceept theses that cannot be published is o ey ;
in the right direction.” H

‘Whatever the views and practices of the Defong |
Departments may have been in the pre-war ap] |
warT-time years, it is cortain that those now rospons
ible for the organisation and direction of defeqs
research in Great Britain are as genuinely interests) |
az academic scientists themselves In the main
temance of eomplete indspendence and liberty o |
action for British universitiees in the field of seientif
rescarch. Within the last yoar, defence scime
representatives have met to pool their wiewa m!
policy in the placing of oxtra-mural contracts, aui
were unanimous in deprecating any form of prossun
on the univerzitios to sccept Tresearch contracts of
the kind which seem likely To lead to unpublishabh
results.

But Sir Robert Eobinson’s commendation of thy
refusal of many British universities to aceept un
publishable theses must not pass unchallenged. Singe
no eeientific worker doing research in a univessity
laboratory should be producing unpublishable results,
there should arise no demand on universities to grant
‘internal’ degrese based on secret theses. The unde.
taking of research in a university laboratory i, .
however, not an inveriable requirement for the nward
of higher degrees such as M.Sc., Ph.D., and D.g.,
and the refusal to eward such degrees to ‘external’
seientific workers on unpublishable resulte deprives
the young resssrch worker entering a Governmest
defence laboratory of any cssured opportunity ‘o
submit the results of his research for a higher degre.

Non-geceptance of unpublishable theses by univers.
ities thus bocomes a serious handicap to reeruitment:
of seientific men for defence ressarch. In addition,it
is & potential handicap to the defence research worken
whenever he may seek return to a university on
industrial scientific eareer, for there is no denying
that the possession of a research degres is an asset
when sesking a scientific appointment, and it is likely
to be the more needed if, for security ressons, cneis
prevented from describing one's research achieve:
ments in detail. 1

Bearing in mind how it proves impossibl
to distil the scientif of a defi investige-
tion from those operational asperie and implicationd
which must rerain secret, T would estimate that not
more than four or five seientific men in defenco estab:
lishments would wish to submit unpublishable theses
sach pear to universities in Great Britain, and most;
if not all, of these theses would become publishablq
within the epace of a few years. The injury t0
national defence by refusal to accommodate these fow

seientific workers on an equal footing with colleaguet

in the seademic and industrial world is surely dis:
proportionate (o any slightly harmful reaction upt)
the universities which the idealist may disesrn. |

|

Technetium : the Element of Atomic
Number 43

Iy 1937, Perrier and Segrd showed that radioactive
izotopes of element 43 could be formed by neutron
or deuteron bombardment of molybdenam?. Beveral
chemical properties of element 43 were established
ab that time, and some nuclear properties of the
spectral isotopes. These izotopes were found after
muelsar bombardments by the 37-in. eyelotron of the
Radiation Laboratory of the University of California.

Later on, Wu and Segré found alzo element 43
among the fission products of uranium, a source
from which relatively large amounte of 43 can be
isolated®.

It seerns appropriate now to give s name to this
element, as suggested by Paneth®; and we would
like to propose the name of ‘technetium’, from the
Greele Texvnvés, arbificial, in recognition of the fact
that technetinm is the first artificially made element.
The eorresponding chemieal symbol should be “Te'.

C. Prerren
University of Genosa,
Italy.
E. SEeri
University of Califormia,
Barkaley, California.
Nowv. 29. ,
t Perrier, C., and Segré, E., J. Chem, Phys., §, 712 (1987); @ (1933).

' Gegre, E., and Wu, C. 8., Phye. Ree., 57, 552 (1040)
s popeth, ¥, A, p. & of this isane of Nature,

Tc = teyvnrol (tecnhtoz) = artificial

RO "ALxz" 5
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Technetium : the Element of Atomic
Number 43 B

I 1937, Perrier and Segrd showed that radicactive
isotopes of element 43 could be formed by neutron
or deuteron bombardment of molybdemmal, Several
chemical properties of element 43 were established
ab that time, and some nuclear properties of the
speetral isotopes. These isotopes were found
nuelear bombardments by the 37-in. eyclotron of the
Radiation Laboratory of the University of California.

Later on, Wu and Segréd found also element 43
wmong the fission products of uranium, a source
from which relatively large amounts of 43 can be
iaolated®.

It seexns appropriate now to give a name to this
eloment, as suggested by Paneth®; and we would
liks to propose the name of ‘technetium’, from the
Greele Teywyrés, artificial, in recopnition of the fact
that technetinm is the first artificially made element.
The eorresponding chemical symbol should be “Te'.

C. Porrren
University of Genos,
Ttaly.
E., S8zoni
University of California,
Berkeley, California.
Nov. 29. .
& Perrier, C., and Segré, B., J. Chem, Phys,, 5, 712 (1087 ; @ (1938).
' Segrs, K., sod Wu, C. 5., Phye. Reo., 57, 552 (1940).

Astatine: the Element of Atomic
Number 85

Ix 1040, we prepared the isctope of mass 211 o
l t 85 by bombarding bismuth with alpha)
particles aconlerated in the 60-in. oyclotron of the
TRadiation Laboratory of the University of California’.

At that time we established several chemical
properties of element 85 and we made a fairly
complets nuclear study of the isotope formed.

It has been pointed out Lo us® that a name should|
now be given to this new element, and following the
systern by which the lighter halogans, chlorine,
bromine and iodine, have been named, namely, by|
modifying a Greek adjective denoting some propert
of the zubstance in question, we propose to ca
alement 85 ‘astating’, from the Gresk &svartog,
unstable. Astatine is, in fact, the only halogen with
out stable isotopes. The ecorresponding chemica
symbol proposed is ‘At

D. R. Corsox

Cornell University,

Ithace, N.Y.
K. R. MAcERNZE
University of British Columbia,
Vancouver, B.C.
E. Smork
University of Califernia,
Berkelay, California.
Nov. 20.
T cmnnri_ ;a R., Mackenzie, K., and Segrd, E., Py, Rev,, 57, 108
8400,

January 4, 1947 vl iz

British Universities and 'Secret’ Theses
for Degrees

Ix his presidential address to the Royal Souigy
gSir Robert Robinsen is reported in Nature of Deouy,
ber 7 (p. 825) as having said, “Nevortheless, the
universities have preserved intact their preclo
liberty of action, and I see no signs of any atiomm
to curtail it. Surely this suggests a feasible line of
demareation in that extra.mural contracts, piacedhr i
Service departments with the universities, need ny, |
and should not, contain any clauses restricting fry |
publication of the results. Although it has some. |
times been irksome, the refusal of nany universitiy |
0 aceept theses that cannot be published is o ey ;
in the right direstion.” H

‘Whatever the views and practices of the Defong |
Departments may have been in the pre-war ap] |
war-time years, it is certain that those now respons
ible for the organisation and direction of defeqs
research in Great Britain are as genuinely intereste] |
az academic scientists themselves In the main
temance of eomplete indspendence and liberty o |
action for British universities in the field of seiontif
resoareh, Within the last yoar, defemce ascime
representatives have met to pool their wiewa m!
policy in the placing of oxtra-mural contracts, aui
were unanimous in deprecating any form of prossun
on the univerzitios to sccept Tresearch contracts of
the kind which seem likely To lead to unpublishabh
results.

But 8ir BEobert BEobinson’s commendation of thy
refusal of many British universities to aceept un
publishable theses must not pass unchallenged. Singe
no ecientific worker doing research in a university
laboratory should be producing unpublishable results,
there should arise no demand on universities to grant
‘internal’ degrese based on secret theses. The unde.
taking of research in a university laboratory i, .
however, not an inveriable requirement for the nward
of higher degrees such as M.Sc., Ph.D., and D.g.,
and the refusal to eward such degrees to ‘external’
seientific workers on unpublishable resulte deprives
the young resssrch worker entering a Governmest
defence laboratory of any cssured opportunity ‘o
submit the results of his research for a higher degre.

Non-geceptance of unpublishable theses by univers.
ities thus bocomes a serious handicap to reeruitment:
of seientific men for defence ressarch. In addition,it
is & potential handicap to the defence research worken
whenever he may seek return to a university on
industrial scientific eareer, for there is no denying
that the possession of a research degres is an asset
when sesking a scientific appointment, and it is likely
to be the more needed if, for security ressons, cneis
prevented from describing one's research achieve:
ments in detail. 1

Bearing in mind how it proves impossibl
to distil the seientifl of & defi investiga,
tion from those operational asperie and implicationd
which must rerain secret, T would estimate that not
more than four or five seientific men in defence estab-
lishments would wish to submit unpublishable theses
sach pear to universities in Great Britain, and most;
if not all, of these theses would become publishablq
within the epace of a few years. The injury t0
national defence by refusal to accommodate these fow
seientific workers on an equal footing with colleaguet
in the seademic and industrial world is surely dis:
proportionate (o any slightly harmful reaction upt)
the universities which the idealist may disesrn. |

|

Astatine : the Element of Atomic
Number 85

Tae 1040, we prepared the isotope of mass 211 of
element 85 by bombarding bismuth with alpha
particles ncoelerated in the 60-in. eyclotron of the
Radiation Laboratory of the University of California’.

At that time we established several chemical
properties of element 85 and we made a fairly
complete nuelear study of the isotope formed.

It has been pointed out to us® that a name should
now be given to this new element, and following the
systern by which the lighter halogens, echlorine,
bromine and iodine, have been named, namely, by
modifying a Greaek adjective denoting some property
of the substance in dquestion, we propose to call
alemment &5 ‘astatine’, from the Greek &ovarteg,
unstable. Astatine is, in fact, the only halogen with-
out stabls isotopes. The corresponding chemical
gymbol oged is ‘At

8 il D. R. Corsow
Cornell University,
Ithaca, N.X.
K. R. MACERNEZTE
University of British Columbia,
Vancouver, B.C.
E. SEcrk
University of California,
Berkslay, California.
Now. 29.
1 Cgmon, T, B, Mackenzie, K., and Segré, K, Phys. Rew, 57, 1087

{1 840).
" Pgneth, F. A., p. B of this imue of Nature

At = actarof (astatoz) = unstable
"BE CREVE—D/N\NOF V" hS
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ToEiEHIER (FcEREHAER in Cantonese) FPRIFY = BRAKEA @QST

&l
b A o

DR
(7)|J7 7 HRREPETSINT)

JIIBES IO
(F5E ‘He?* DAEM)

@ 5 —5vw ~OEMISEE S

(m.p. (Bi) = 276 °C)

B4 BEEVIOEIED
(#L)

[E5 ZRERMEHECQ
(ERE DLEMEFLW)

[E6 RBEHERDEHDILE
(BoD<{EoTzDIIENS EHY)

@

EQ (Astatine » =& « 7% - ﬁf'ﬂ“uf’ﬁﬁm)

(LS T R - BN o
ot At JF i 85 0 MHER T E = 210 -

B HEILEB IR Science Factory (Taiwan) http://www.mr-sai.com
https://zh-yue.Wikipedia.org/wiki/%E7%A0%B9
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B1 SHEORE (GEZH At-211 OBURL) - AR &QST

Bif? PET &ZERK Y ~SRT, HIEED
7LD 7 iZEERIRS C EFIRENICAREE

-

EMRER D )L — (0 F
POUNNROSO—-—TJHRv O X inhw =)L

WS : 0.3 m3/ &5 60018
ZFAIE: 20 mCi/day
100 mCi/3-mo
400 mCi/year
({BL, BH=E+RY ~SR1ZBICRE)

\
EERDBACRERESINICK S EHAFAIENIEX

RRIANGFIAK R E RS X I 7R - [RARUES DR
BIFHEER DUE L D € FEERDILS LIFOBRES (?)
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209Bi(ax, 2n)?1AL

30
i : - ffﬂifffr{fa?) Radiotoxic 210Po
- ;SE ;. L;irsen(gti} 211At EEE&&
5 N: Z E’:ﬁ;‘ 200t DW/ENSETFS
c | ' | /)
E LF <: 210pg f,f 210At (8.3 h)
;_; 28.5 MeV :,} J[EC]
Z 10} ’ 7/ 210p¢ 210Po (138 d)
E i (] f"'f \1'[0(]
SE 7 7 206pp (stable)
b 20T MeE B = 258 M = 28 0 TeV
15 20 25 30 35 40
\
b & FV5—Hwk 28.5 MeV ITFICED
& TFIRELIRD KiELE — L i E 3 ESR%=FIA E—
)E

Hermanne, A et al

.» Appl. Radiat. Isot. 63 (2005) 1-9
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B3 5—5vOEMKLES - B At D UAS @QST

g 'f' 4” Nb h7&IU
CIDIRIAES

Nb B HEH A FLIES — Ty B8 (+AIS)
- Bi Dt =D

- BREMEOHUIAS
LSO

o o OEBHI(C LD, Bi KIRKEML 1 DOBRIC
o E—L-34 MeV,10 yA, 2 h

@ 3 DI(FAIEIC Bi MIEF - (IEHH
Bi%i (#119g) +20pum-Al 7x-rJL @Al T 1JUIC Bi DIEF - (BB E E— L

InNb 3O (@10 5 mm Depth) g 1\ 5 1 )1, 0 25 (FEMEILITETHEL
(=i ENhEL)

O At HHIEE o
Al DAL :3DFEE:Bi#f =3:6:1

ORI C L > TEECER)NENHSND

Nagatsu K et al.; Appl. Radiat. Isot. 94 (2014) 363 25
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REANTY KRR 1—L%E
BLASEIROOBERDT—IU

- ZNEHEHIC SUS Rt E=FIA

- [AIFICEA N, ERCRERIEE(IC

Recovery

. 10 - 15 mCi/batch
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Al foil
=/ PFA joint
— V
=IO
40 .
-
Z%0 Nb N T S
Juu7oou°C u\_w
<E_xhaust &
—(p L1 X
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Air-pump Pac Pac Hair d o
Dry  AC2 air dryer

Pneumatic
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0.01 (3)
0
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3-ways Teflon ~ 1 cc
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RSB E =5 —
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0.04 1)
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e

chloroform Trapping loop
with thermo-couple
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N2 [ Y
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(2) ¥z (850°C, 30 min)

(3) v—F T (88#%30, 35 min),,
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QST - EEM TRy kSEKBD/ivHHTSHIUR E)QST

HIOVBIRT RV
VFS:L0G ’Q’(b LT S0744
: NI ® , ;_ .
A >R Ne > © RT: 90857

0 Curs : 2800 [ 220298 keV ] 365 Cnt 4095

Th (U2 L232) - RN DX ABEHFIR (S BHA LT
= BAERBAMIE (Natural Occurring Radioactive Materials; NORM)

BEXGATHRRZERDLLTE (MSEVSBIC) BRUTEY
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MEMNSHTZ Ac-225 DOFI=

96CM
o5AM
94PU
osNp
92U
91Pa
ool h
goAC
ggRa
g7Fr
geRN
gsAt
g4PO
g3BI
goPb
g1 11

241Cm

241Am 55 d

241 PU / 500 y 237Pu

oo |
237 5 233

2.1E6 y

/

6.8 d 233Pg .6E5 y

27 d 229Th /
.OE3y
R

15d

-

@QST

HER D ERS A5(S5F
Np-237D¥@H 214545
(21004 EHAE:E > SE )

229Pa

144 SIS B - A (C
2257¢ lb Y SEELHEm

221Fy l‘

sen |zl

[
G |
(B5EOEENES)
220Rn (4n; thoron) 55 s

219Rn (4n+3; actinon) 3.9 s
222Rn (4n+2; radon) 3.8 d

217At BHEICEBL VWELE
20 ms 213Po
213Bj 41.2E—6 s 209Bj
47 m 209pp stable
2097 3.3h
1h
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Thor Ra?

-

@QST

229Th

232Th

226RQg

BRAEE BN e BEAHEEET TR IRDER(C# 2
s ) FmEpuaE 2Ci 28
229Th->225Rga > 225Ac BERM225Ac o 229Th = 7340y
= BEIXRILE—- Ac-227 Bl
ponTh =M mempaEiET A S
(R - EE) ?Cgfi'””@%b‘ IR
> 225A¢ FDA-DMFEE35 3 i 15mb/200MeV
ponTh  RelEE o mcme JIRL—51b B Y
(% - FEE) i . Ht 4mb/438MeV
- 225Rg - 225Ac Ac-227 TV (FRHIME)
Ra o [N (o e

p on Ra RS 700mb/15MeV ) _

s . E; T _ R m*@*&(a( AC'226 EUE’:&
(—tgf-’i%c k=) RIS ATEE (20 MeV) EUE@&E@ ﬁai LY R

FonMIE L)

d on Ra _ ' Rn-222 MR
(T - ST I’IE't)E/gJ?(')$MeV o TR Ac-226 BIER

225 RLTLE
> TPAC ARG
y on Ra o I Il EFEmEscaE L TULELLY N
(HERIG) E=EE A JIRL—51k KB DRaDHE

(30 - 50 MeV)

WFNOREE —KR—8E - FRZEDNT - R|ezA EhEET 3
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Ac-225 BEMEEIL = Ra-226 {LZNBOBEEREES L E)QST

(1) BESSENS Ra-226 =8ig-[EUNT S
226Ra(p,2n)?%25Ac (2) BAICELD Ra-226 59— ~EFART S
(3) Ra-226 9—4H'vw ~&BHETS
(4) Ac-225 % Ra/Ac RAaYH SEiit9 S
(5) B Ac-225 =BH-ARNT S
(6) REFIADRZHIC Ra-226 ZEBHET S

BE Ra &8

Ra [EIX -
E C
(4
) le
Ac/Ra 735t Ac 124t

This project was a collaboration work with Nihon Medi-Physics, Co., Ltd. @
Nagatsu, K. et al., EJNMM/(2021) DOI 10.1007/s00259-021-05460-7 31
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210po 206pp
1600y 3.8d 3.1m 0 2ms 5.0d 138d
®

4n+2 @ » alpha 20E’TI

R Vi Vi ’ ( aE”)
p beta 3.7m

LT: 460
RT: B3

&8 radium-226 -
(RE3M0)

' 2204 keV

Curs : 2048 [ 1618320 keV ]

Ra-226 BRERT  sewmmaszsorEmIn

2N KOREES IXRILE—-DETERE
(BIC1-2EBNBHERICIET SRE)

164 Cnt 4095
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LIS Curie 3E (EDER) (CX S Ra BINDEHFH &OST

B Ra (MREBIE) » BAICA(T S Ra (EREAIR)
RaSO, (or RaBr,) with/without Ba 7

[EODEIHT |

! 80°C x 1h

RaSO, + 1.5MNa,CO; - RaCO;¢{ + Na* + SO,>

[ 58]
4
RaCO; + 1MHCI - Ra>* + CI- + CO,?*
[RaCl,]
| . EUR%HE = 70-90%
- BT L > TRENEDS
(BIRMYES)
> . No+ BEEAEIT SNT,
IO DR ICBE
Sectioned ﬁ@iﬁﬁiﬁmﬁﬁ%

(RaSO,) RaCO; on disk

Bubbles in 1M-HClI
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CH,COOH CH,COCH CH,COO- CH,COO0-
/ / 1
+ + +
@-CHp=-NH*  @-CH,NH @-CH,-NH @-CH,~N @

NN\

CH,COOH CH,COO- CH,COO0- CH,COO-

— pH2.21 ==+ pH399 | =———p pH 7.41 = pH 12.30

Fig. 1. Change in structure of Chelex resin with pl'_l =7-10
increasing pH. * sonic, 4 weeks

- ABMEIVR, RaSO, BHASHCIAVIEE > WEIEMIZET
- EMNCAITS Rat ERIEICHIIR > ETHE - BrAYVXIRTHIE

CHX (NH;) AX (OH)
RaSO, . CHX-Ra___, Ra" L Ra | Ra(OH),
Ra-X (Cr) (OH) ?

(pure water or HCI
NH- aq (pH 10)

98%+"*

* Chelex®100 and Chelex 20 Chelating ion exchange resin Instruction manual, LIT200 Rev B / Bio-Rad

** 1%FE2021-002432 (HFE 513 (2021)/1/8) ; PCTHRE (F#—X =3V 77 2021418250 (2023/7/11);

F[E W02022/149535 (2023/7/14); EU 21917755.7 (2023/7/14); E&E JP-P-2021-002432 (2021/12/27);

O02/77 2023120471 (2023/8/4); 7 XY 71 18260515 (2023/6/7); @77 2'J 1 (2023/7/7)) 37



SITOLY—5 v EEE (1) RBEGE

@QsT

Quartz \‘[7

Ra++ + NH3 + (NH4)2CO3 - RaCO3‘l' \ o

SiC filter ™

RaCO; + MUNCO; (carrier)

- PILA ) RE TR

- REMNICAA/ BUEEICTE
- 4 1) 77 40Ca (10 mg) Z&00

SIC T JLS (t=3mm, 5 pm)
- T E — L - fivEid

(BB OIEE)
- B335 3 8%

Supported by @TYK for providing SiC filters
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EIRILE—BFE—L+Ra-226: H—OD5ETHZE &)QST

INBUINERER T+ 537
_ I RILF—EEH
226Ra-30 mCi / 20-50 pA — e e-e
800 4
\ Bt ' Ra-226 (p.2n) Ac-225
G- 700 - 5 } 3-226 (p,2n) Ac-225 ]
N L O  ALICE code
N 5 600 F o s _ox. 1
Protons 28 MeV HL0 H20 < 500 i ° ]
= - O
& 400 | 0 -
A A A A @ i
Cu Ag  Ag Holder g 300 I 04 © ) 7
200 ¢ £ -
Fig. 1. Schematic view of the target design used for proton r © o,
irradiation of radium chloride. 100 - o Y00 4 5 .
Ol v® 0w v 00 b v v by b b
<& & 300 mg RaCO; = LEE (#9 240 mCi) 5 10 15 20 25 30 35
proton energy (MeV)
‘ Ra + Ba 5&‘3%}@25 EE]%% . E‘Zﬁ Fig. 3. Comparison of experimentally determined cross-sec-
‘ a::’\d:% 30 mg Ra + 300 mg BaC|2 E titolnslIf;}rd the reactic.)n Pzt;;%igéng) Ac-2t25 ?trilan)gles) and
re L w I\’“./J (Eﬁ) calculated cross-sections code, empty circles).
/2 AY 7} —
(B 16 mm, £d} 0.8-1.0 mm) ¥ mg UMRIEWVWEAR S
¢ =3 (B, Rn WH) JESD 15 MeV THOBHEMHRARZ ~

Apostolidis C. et al, App/. Radiat. Isot. 62 (2005) 383-387
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¢ F2FEBELE—-LI—-X E—L5 5k (BE)
3'5 ﬁ E {% ;§ IEI ’:I:;q:@ 0) ,H.E': %TJ yas VA v Vacw.
WK, TR, RN E A5 IR [ = 2
O HARL—LLICHE: MUBRRGESE * oy 4

EX4E8DKEZ +FL— IV EICEERFE
T — IRV EET BS3REME(ICTERIELL
FARN LR S = Pl AT HE

& Ra-226/Ac-225 EE(CFREFIA
ZEHEE, TBEAVNVIE
—_EE-LIvwvH—

R X 5% [O]56¢

¢ BRENIZES, BREHAAICHUANSIER
BB E A0 B % G
#BES® RI (Ra-226) ERSBSONE

*#AR, KiE, R K 6450211 5 (B T30 (2018)F12H14R) 40
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Ra-226 S —5'v FEBOBER (1) : XL @QST

183 2 RAER BRI 2 fmST T
(SiC cup) (Target box)

Sealed with Nb-foil

SiC filter in SiC cup SiC filter/cup in Nb-box

BREIEDIRF (15 MeV protons, 3 pA x 3 h)
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x BEMENEL S _[[IEAA]HE
(LB < NIV T HRE)
Ra** + NH5 + (NH,),CO5 - RaCOsd x EBICESV [BROUYRT])

X BEMEEDTZOHD T+ 1 777N
(Bl =3 i=H#E 4°Ca RfLF)
_[BRERIRET]

Ra 5—5whk (3mmE, ®10 mm)
9 500 pCi (= 0.5 mg) + ¥+ Y 77 (4°Ca)

O AR (CH (T3 BBLFHMENAT6E
EELRE & iR
ERRD = {5 > 7z {65 5 B 0O i
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Ra-226 SRS —5 v FABOEK (2) : BEE &QST

Supported by
mmrc
® Ra A& Pt (7/—-r)

Rat++ + e~ = Ra

Au-Ag (nhv—~r)

@ Au- Ag BARIZF S ENE (Hot Isostatic Pressing)
- ERREEISH = MERMY Au (t = 300 pm)
- B = ZMEHDOEEMEEM Ag

@ FtlcgEEEH (AV—R)
- D& Ra DHILENDERE, BXMEHDIEM

s =B EMbN DA (JRTE, FF

B (AV—R) - Ra EEEXQ@%@%WK, I,]E'\'Ej'fé Ra @ﬁﬁ%fgﬁg@”y

X2, faK, &K, /BFE . FE5F 7190200 & (& w54 (2022)F1287H)
PCTHFE (&% 15169-10840499680 (2019/4/12))
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Ac-225 D8RS ©  Ra-226 & Ba-140, Ac-226 & La-140  (ZYQST

Br == Ty —————
M3+ 224 140| g
2.8h 1.7 d

226Ra(p,2n) 226Ra(p,n)  2?%Ra(p,3n)  '3Ba(p,n) 14083 >

$ & 4 9+

00O

H—Hwy < Y)Es 2240 c > FrUT7YIE  22%Ra(p,spall)

140Bg
13d

226AC_)
DGA LN AX (CI A
Ac/Ra —— AC+++/—’ AcC _, ACTT —(’) Acttt—— AcCI
HNO, Ra™  HNno, “ HNno, O 3
[ Ra*™*(Ba*) Ra** NO;- HClIt

DGA = N,N,N,N*-tetra-n-octyldiglycolamide (eichrom); LN = di(2-ethylhexyl)orthophosphoric acid (eichrom);
AX = Anion eXchange resin (AG1-X8, Bio-Rad); %5f2020-123131 (2020/7/17) 44
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Ra-226 Ac-225 IRE
5 =5y ~EEFE (@EOS/ 4 d

mEYE from EOB)
336 uCi 20 pA

94% 3h 14 uCi
956 uCi 20 pA :
#2 s . 60 uCi — -
o 1 mCi- Ra 5 mg- Ba (Ra mimic) *
1.01 mCi 20 pA _ 36 mmol (equiv. 8 mCi-Ra *¥)
#3 97% 5 h 66 uCi
g 34 MeV H,* (15.6 MeV proton on target)
536 pCi 20 pA _ . Ra-226 EEE vs Ac-225 INE
#4 089% 5 h 24 pCi - B}
< 200 ® —
639 pCi 20 pA : & -
#> 97% 5 h 28UCi - 3 .
7
1.79 mCi 20 pA R e
#6 69% 5 h 196 uCi g &
2 50 P
2.24 mCi 20 pA S .*./ y = 0.1022x - 31.986
#7 ' 167 pCi & o
88% 5 h < 0 500 1000 1500 2000 2500
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