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Elements at the upper most end of the periodic table
NAGAME, Y.
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Radiochemistry Research and Training in Canada —
Past, Present and Future

A. Chatt
SLOWPOKE-2 Facility, Trace Analysis Research Centre
Department of Chemistry, Dalhousie University
Halifax, Nova Scotia, B3H 4J3, Canada

Radiochemistry has been defined in various ways by a number of researchers
working in the field. For the purpose of this paper I would like to define radiochemistry as
the branch of chemistry that deals with elements which undergo radioactive decay; may they
be naturally present or artificially produced. Many of the properties of the nucleus, its
reactions and decay schemes, interaction of the radiation emitted during the decay process, etc.
which are commonly treated in nuclear physics are also used in radiochemistry to separate,
identify and measure the concentration of an element. Radiochemical methods have been
developed and applied in Canada to numerous fields including agriculture, animal science,
anthropology, archaeometry, art, biology, bionucleonics, biochemistry, botany, chemistry,
chemical engineering, environmental pollution, fission, forensic science, forestry, food
science, geology, health professions, lunar science, material science, metallurgy, mineral
engineering and exploration, metallobiochemistry, nuclear sciences and engineering,
oceanography, pharmacy, physics, radioactive waste management, soil science and zoology.

Much of the early radiochemistry research in Canada involved fission product
chemistry like in most other countries. Professors Thode, G. Tomlinson, and L. Yaffe led the
way. Several researchers at the Chalk River Nuclear Laboratories (CRNL) of the Atomic
Energy of Canada Limited (AECL) also made significant contributions. At that time
high-flux research reactors were available at CRNL and McMaster University (MU), a
cyclotron at McGill University, and an electron linear accelerator (Linac) at the University of
Saskatchewan (UoS). Sub-critical assemblies and neutron generators were also available for
research and training in several places. Another Linac was in operation at the University of
Toronto (UoT). In my opinion, Canada had a fairly good start in radiochemistry.

A significant increase in both the number of trainees (postdoctoral fellows/graduate
and undergraduate students) and research projects in radiochemistry occurred in early- to
mid-1970’s with the introduction of SLOWPOKE (acronym for Safe LOW Power Kritical
Experiments) research reactors by AECL. Professor R.E. Jervis led the way with the
installation of the prototype SLOWPOKE reactor at UoT. Then the SLOWPOKE-2 reactors
were commissioned at the AECL-Commercial Products (AECL-CP), UoT, Ecole



23501

Polytechnique (EP), Dalhousie University (DU), University of Alberta (UoA), Saskatchewan
Research Council (SRC), and Royal Military College (RMC) of Canada. Other laboratories,
such as Whiteshell Nuclear Laboratories of AECL, Carleton University and University of
Waterloo, also had active radiochemistry groups. Then the Tri-University Meson Facility
(TRIUMF) was installed at Simon Fraser University. I would call the period of early 1970’s
to the end of 1990°s as the golden era of radiochemistry research and training in Canada.

In the meantime a few facilities started shutting down. These include the UoT
Linac, and AECL-CP and UoT SLOWPOKE-2 reactors. That brings us to the present
decade. A third generation synchrotron facility called the Canadian Light Source (CLS) at
UoS came into operation. On the other hand, there is a possibility that the DU
SLOWPOKE-2 reactor would be decommissioned sometime between 2008 and 2011.
However, it could be converted from HEU to LEU and survive. The School of Energy
Systems and Nuclear Science at the University of Ontario Institute of Technology (UOIT)
presently has the largest undergraduate nuclear engineering program in Canada with about
200 students. The UOIT is interested in starting up a radiochemistry program. The role of
radiochemistry in isotope production and nanoparticle research has become quite important.
There is another player on the scene today, namely radiological and nuclear (R/N) counter
terrorism response. More funding is becoming available to establish more radiochemical
laboratories, develop new methodologies, do more research, and train more personnel.

Due to the lack of space it is not possible to list all the radiochemistry projects that
are presently being carried out in Canada. But it will be worthwhile to mention a few. These
are: (1) New techniques for rapid assessment of radioactive contamination following an R/N
emergency, Experimental characterization of risk of radiological dispersal devices, Nuclear
forensics, National nuclear emergency laboratory network (L. Chunsheng of Health Canada
with many government and university labs); (2) Phenomenology of ceramic powder aerosol
dispersion (SrTiO; and CeO,), Separation and particle sizing using an Andersen-type cascade
impactor of UO; and U303 dust (Ed Waller, UOIT); (3) Wear in aircraft components by
monitoring the wear debris in lubricating oils and filters by NAA, Environmental radionuclide
monitoring program (L.GI. Bennett and others, RMC); (4) Synchrotron microbeam-based
investigations on Athabasca uranium-oxide minerals (T. Kotzer, CLS); (5) Extractable
organohalogens by NAA (DU, UoA, SRC); (6) Heavy metals in plastics by NAA (UoA, EP);
(6) Quality control of fungicide coatings on wood and paper (EP); (7) Simultaneous
speciation NAA (DU); etc. etc.

In summary, radiochemistry research and training in Canada has been pretty good in
the past; the present is not too bad although it could have been better; and the future does not
look that bleak either. Some people may argue that I am over-optimistic in my prediction of
the future. Well, there are only two ways to look at a half-a-glass of wine — half-full or
half-empty. I prefer the half-full.
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Current development of nuclear power plants,
nuclear waste geological disposal and nuclear
education in China

Yuanfang Liu
College of Chemistry, Peking University, Beijing 100871, China

Over the past 15 years China has experienced a booming period of economic
development, keeping a high annual GDP growth rate up to ~10%. Such fast development
undoubtedly makes serious electricity shortage in the whole country. Because of the very
rich reserves of coal China is expected to continue to favor coal as the top fuel source.
However, huge consumption of coal brings about serious problems, mainly, the
environmental pollution and severe injury to coal miners’ life. In the 11" Five Year Plan,
Chinese Government has resolutely determined to build an economical, clean and safe
energy structure.

Therefore, it brings in a new era of largely expanding the nuclear energy, a rather
environmentally benign energy. In 2000 the contribution of nuclear energy to total enérgy
was only 0.7% (coal 72%), whereas in 2020 nuclear energy is planned to be increased to
4% (coal 60%). Thus, in 2020 40 GWe (10° Watt electricity) will be produced, and more
than 30 new nuclear power unit reactors will be built during the coming 15 years.

Chinese government has decided to construct a high level radioactive waste (HLW)
ultimate geological repository in north-west China. Preliminary key points of policy are:

* Safety period covered: 10,000 a to 100,000 a
* Non-recoverable waste (no once-through spent fuel)
* Base rock: granite (£ 5)

* Site: North Mountain (4t LL1) district, Ganshu (H7R)

* Construction period: around 50 years
* Domestic use only
To meet the pressing need of the fast development of nuclear energy, the declining
status of current nuclear education in China has been a little improved. PhD students
enrolled in 2007 in the specialties of nuclear science and technology by 11 institutions are

expected to be ca 200; undergraduate students ca 300.
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Past, present, and future of nuclear and
radiochemistry in the U.S.

Darleane C. Hoffman

Graduate School, Department of Chemistry, University of California, Berkeley
and Nuclear Science Division, MS-R0319, Lawrence Berkeley National Laboratory,
One Cyclotron Road, Berkeley, CA 94720-8169, USA

There seem to have been very few studies of radioactivity in the U. S. prior to 1940.
Among the earliest were those of Ellen Gleditsch from the University of Oslo, Norway who
received a degree from the University of Paris with Marie Curie in 1911 and in 1913 received
an American-Scandinavian Award to travel to the U. S. to conduct research in radioactivity.
Despite being rejected by several professors, Gleditsch ventured to the U. S. and eventually
persuaded Prof. Bertram Boltwood, Department of Physics, Yale University, New Haven,
Conn. to find space for her in his laboratory. Here she made what was termed by a science
historian as “the key number in the study of radioactivity”, i.e., the measurement of the
precise half-life of radium. Some isolated studies of radioactivity may have been made in
other U. S. laboratories in those early days, but were not well known.

Nuclear and radiochemistry programs in the U. S. really began in the 1940s with the
production and subsequent identification of the first transuranium elements. Neptunium (93)
was discovered by McMillan and Abelson [1] in 1940, and plutonium (94) by Seaborg et al.
[2] in 1941. The subsequent identification of the fissionable isotope **°Pu and the
measurement that its fission cross section with slow neutrons was some 50% larger than that
of 2*°U [3] provided the basis for the U. S. WW-II Plutonium Project of the Manhattan project
centered at the Metallurgical Laboratory of the University of Chicago. The original
discoveries were part of the graduate research program in the College of Chemistry of the
University of California, Berkeley, California and were not supported by any federal funding.
The importance of the discovery of plutonium can hardly be overstated and it changed the
course of history.

Glenn Seaborg and some of his colleagues moved to the “Met Lab” in Chicago in the
spring of 1942. Joseph Kennedy and Arthur Wahl remained at Berkeley to continue
production of * ’Pu at the 60-Inch Cyclotron and then moved to the Los Alamos Laboratory
when it was established in 1943. Kennedy became head of the Chemistry and Metallurgy
Division in which Wahl and many other eminent scientists performed research on the
purification of plutonium and investigation of its neutron-irradiation products. Later, much
larger quantities of *’Pu were produced in irradiations of hundreds of pounds of uranium at
the Berkeley Cyclotron and at the Washington University Cyclotron in St. Louis, Missouri.
During this period the plutonium redox and separation procedures developed at the Met Lab
were successfully demonstrated at the pilot plant in Oak Ridge, Tennessee. The huge war-
time chemical separation plant was then built at the new reactor site in Hanford, Washington.

After receiving the Nobel Prize in Physics in 1934 for his studies of neutron-induced
reactions, Enrico Fermi had fled to the U. S. to take a position at Columbia University where
he and co-workers and E. P. Wigner and associates at Princeton developed the ideas for chain-
reacting “piles” for the production of plutonium. He later moved to the University of Chicago
where he led the group that built and successfully tested the first chain-reacting “pile” on
December 2, 1942. They later developed the necessary information to begin construction in
June, 1943 of the “piles” (reactors) at the Hanford Engineer Works located near Pasco,
Washington. Operation of the first pile for the production of plutonium began there in Sept.
1944. The separations plant designed to purify kilograms of plutonium from the irradiated
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uranium started operation in December, 1944 using the processes developed at the Met Lab
based on only micrograms of plutonium—representing a scale-up of more than a billion.

After the end of WW-II in August 1945, many of the scientists from Los Alamos
returned to various universities and nuclear and radiochemistry and nuclear physics
departments were established in both chemistry and physics departments throughout the U. S.
The next decades might be described as the “Golden Age” of nuclear and radiochemistry as
both fundamental and applied programs in nuclear testing and nuclear power reactors and
other applications were well supported by federal funding. During the period of 1961-71
while Glenn Seaborg was Chairman of the Atomic Energy Commission the High Flux Isotope
Reactor (HFIR) and the Transplutonium Production Program were started and investigations
of the chemical and nuclear properties of the heaviest elements and synthesis of new chemical
elements flourished.

With the negotiation of nuclear test ban treaties, the end of the “Cold War”, and
cessation of research on nuclear reactors for generation of nuclear power and of reprocessing
during the Carter administration because of concerns about proliferation, funding for nuclear
and radiochemistry programs began to dwindle until by the 1990s, the number of such
programs within chemistry departments in the U. S. had dropped to only a handful. Current
prospects for the future of nuclear and radiochemistry in the U. S. and some of the steps
needed to re-invigorate these programs will be considered. The envisioned scope and potential
impact of the Global Nuclear Energy Partnership (GNEP) proposed recently by the U. S. will
be briefly reviewed.

[1] E. M. McMillan and P. H. Abelson, Phys. Rev. 57, 1185 (1940).

[2] G.T. Seaborg, E. M. McMillan, J. W. Kennedy, and A. C. Wahl, Phys. Rev. 69, 366
(1946).

[3] J. W. Kennedy, G. T. Seaborg, E. Segre, and A. C. Wahl, Phys. Rev. 70, 555 (1946).
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7535 Hevesy #i#13 1931 fEIC3RH U, RHIC B 2HBEEZ T U T, HADLZEBITHEHL
FORFMOFEEZREL. COTHBNOBELWEL/ZC LRBELVHRETH -7,
(2) FIRMEHHREICHIT B BI5 |

BRITEH» DERICES X T, HERICHIT 3 RAMABEOMERIERICHKEL 2. ATH
HREDRALEED, CHQOEBRREIIZLALHEIN L 21T LHERTH 5 Tz,
COTHTIE, BEHEEEDOARTERL, HEREZELRERBEZRL TV,
C-DHERHC B B

Oxford RZX D IFE U/BRBRERIE. FEAFAAERIZEZ, 1922 XKD, HEOREN
FesrEEL, KRHHEORRES X CREMIESBOMABICS < OB@ERT Tz, HA
BEOHYHICEENE YT, MITYL, SVYLOWE, RIBKHFDT FOMFEE &L
HMoNTWLEH, RICKERB/ LILEOBSES VY /D a— VDS TY LOSH
(1926)1%. HARICBI 2HWHDT VY LEBOBRAIOME L UTEIFBE N TV S,
BRI, Xz, HEIALIEROW 2T TRU Rl EB OBYRICROICER D AT, £0
B, SO LEREE L TIE Soddy BdEh b 0B NS D9 LEERINY U LEKIB XU
SVUYL U5 VAREEICRESNIERE - 4 —VEORY SV, £/e. MUY
LERL LTk aYBEN 7FHA FARWCRII o 2. EREOBGHRIESEEL L
T I MRFEN (I MIZSRBEOHDOA =2 v )b, T R VHER) BXUEHENERS NVt
(SYVYLHER) REPHEREL LTRLXSAVSGN, HEDOBEHEEZICXDELD
SRV, SVUYLDORET—E2NMES N,

Q-2 R BT B

HARDANE ZBBRAZEE D175 > Te KRBT REDOZRIC I, £T. KHAKREN S5 ZH
WERBTLRZEOHMOARLND %, AOFTFEE UTERIICRER R ZTTIR> T DB
H % (DBICHMNRFZER THAHH, AN, BHIGEL T "REESHRTRIEAOLEN
B (HA7N), PIRZET T AAa0aH” (193D Z2HERU, ORI, HYWs
DIMDOBTHL, IV, MU YLRUTSROSHEZEV. SREIC & o THEYOERIRE
ZRATOBRICKENH S, CORFIOHL (HA/) TRAN., =8 E (OBICKRR
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HERFEED I X VEARGOERRENRE S Nz (1932), ThH5OMETIIMICDONVT
common lead DRFIEZITER > TWARVWDT, BENTEFTRIRREZRTICTERVD, &
MENC B B ESBEERIE (radioactive dating) DX EMNF & LTFMETE %, Fxk
A DVTO—EDEIE, ZTOREMTEICK > TREICEDRIT SN, 1975 F£E TIC
OO ME CRESNIZT LIEIEFEICHET S, :

1937 F T A0 S ARNBFRZ I HARDE @GR RAHOMBR T DFRICET Ll H B G
RADORRISREICBIT AR ZD—REZTEDTH S, TOEKICHIT 3 RADOHE
& FITE RHEERICK 5 HARDR D) RB L CABFBH/KOS VU LOEE (1937 T
HHH, FHIFTHITH 500 DAARDE (B RICDESIV L%, Ei—H0R @D 7
KDESFUZEEL. 95 X—IICKSH” Radium Content of Mineral Springs in Japan
“(1940) % Bull. Chem. Soc. JpniZHELz, ThOHDHMAEICLD, FYVVLEEDED
HADE 30 R, REREEHERZEEC. LHREEIR. BREOMES YL
ERBIUHGERR. BRERSHERGETH ST LNHELMTE -T2,

VY LOERIEZ. | (G ROFTEL, BABIUHELEOEA., BEL. RBRIE
B EiconTEIALfTbhiz,

T RUZDWTIR. NEERICEET 2 —EOWHEIRFICBN TV 5, BHAEX (DBITK
ElD Arkansas RZEHIR) IHEERRICBVWTS FUFEOBD THVWRERWEL, TOR
TS LTz (1943), E Bl AN, BH., Blthz (DBICT TV AD Saclay FEFEAT
FEFER) &, BHEBRICEIZIIIL, T P EZOBEERYORICEBT B HEHE
TEHORIE. T F/ROMEICDOWTHERKD 2ERZ21T> T3, AN, BH. BUOHL.”
BRI RERPIC BT 5T R/ & ZDBEE R & OVERER” (1948), BH. LD 0n
the Equilibrium of Radioactive Elements in the Hydrosphere” (1948)iZ BV TH/ SNz
faamid. ROBEOTHB5. DRAKHFDT K/, RaA, RaB, RaC OZEMHEHEHT L. FF
VINE DD S ROBHINCEFET B DICET RIS EV LBTDICGRE R, 2)T
R DFE 5 HHERITIRRIIB L HEES NS,

TS5V, EXIEHMBY T VDM, SYVLODH KX DEBNR T A, FIT4E HEIER
.ok 1 @R K BRUBWEEDY S EaBzEE L1947,

1950 4E T A D bR KEHE—HARZRX., RKZED 5 OMFEHIE L i, MERUILEOE
JIBRKE IR DV TREN G R ZTR-> T,

1898 4, BHL=RRITE)INRR (LUREBRRR KB WT., Faxaiz i, A
BEPEBIRESNTORD, TOHME, MREFICK D EBEOIHRA L RAE L AR
hTitRoDEMZEEZ bhic, BE. tRAOKEREIRARESWE UTRAIEFTZLICIE
FIRRICBI ZFEHDRILEENT VS, BEIIV—TORERRE UTIHIBRKB LTI
aFD0YI Y. FUYLROBSETREOER. {tRAEDKEEEOHE. /INRROUR
YIREFEICE ENSILRAME (Wb 3 baby ILIRG") ORELENRH S, Fiz, tRE
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HOFHIEEE L FARICEEDI (common lead) THZ T LEHLHMICEI NI, ThBDR
RIGER—HBERE LR "Ceochenistry of the Tamagawa Hot Springs” (1963)IC %
EHHNTVS,

TR TEDIRFILBYC DV TR AERAE OBHFELINC, WL DO DEE TREHEDN D 5,

FUNKZDOBRERAREL.” WHEEEROMBER(CZRTZE GE—#)” (1946) & Z D%t
WICBOT, BRI S DT F OB, BEEBIAND S VT LOFED A =X
L7 EICDOEHRD 5 2RI LTz,

e, MIRARRAZCIE, FREE GRRLH ) LEE BH. ThETHARLE
WTHIBNT WD o T, YAV ZREGTE L. BOTRVI VY LEERZRT LB
ZEBRBICBOTRHE L, 2OEEEKE 7YY LEEE11800X 1072 gRa/g) BIRE LT:
(1957,

KIUAAFICEENS T RV, FEVICDWTIE., SEERAESR L MAZEOHLAIEE
B ZBOKCDNTHZEL., ZDORERZE LT, "Radioactivity of Volcanic Gases in
Japan” (1956) D L UC. ERAKLZEESTRE LT,

(2-3) RARBEHEDFIA

RARBHEEDFIH & UTEBEREDIC N L—YDFIAND 5, BEDITE->7z X, B L
—H &9 3 b)Y LGB DV TIEBHI RN H, Freiburg KD Hevesy B D ICH
ZUT. REMT. ARHEZEOmEE COBEBTT ShitziziThoTz, FEL. Hevesy
EEYL O Uber Platinschwartz” (1934) % Z. phys. Chem. ICHEEL T3, TOWE
FEHSREEDOROMOEH % Th Z FL—P L LTBH Lz DTH B, £z, ABHES
ME=ZTIE. ThB 2 b L—3 & UTHEA L. "SRR ERIC & 2 Wb 22890155 (B —#D.
ATV FIVTIV RS LIEOTARERIE" (1934) % AALEMRICRE LTV 5, AESE
ZZ2D%E DORFNOWFEZDR L BWAERLTED., ELORREXRT T3,

(3) ALKGtaelcBE 9 B 5%
(3-1) HEMRUEAICHBIT 5 A THSEEICET 255

1937 4¢, ED 187 7abay (65 22 F, 23 b)) BBEEHLTH S, CRFBHEDS
FEEANTBSHEOMEZIAD A, RREOWZETIE. BHEI NS X—F v M EHEICL
720, BHE®E—7 v FOSEBWEZ LD T 3 {LRNREDSLETH S, ZRHE,
DD HAERZYEZE LB LU TITR S NR— =L LT, aRUN—FVEROBEK
THAIRNB_ERZRATL, SR, RNHRZEICIEHNERE O S EESHTOZEANE D,
ARZCRLE ORFEARICIEZBMEE T,

ZOE, NETIR, V5V, MIYLEREZHRFREHFLTYS VIV EFVETESY
FrOLRRF LVHEHRERHZ 5 L3 HAMTabh Tz, R, K&V 7ok
OYHPEZRNCELNSHEF TN YL UT V2R T 5K 1938 FHEL SBEL
Jzo TORRICBMULHAE R, WEINV—TTRCRL Riga—. LEIEE. FEI)
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— T TIEERROARN EHINTH oz, s, 1939~1940 Ficid. HARNHEEDRHZEE
TH o IFRBEER LML, ANBERLSEH/OT—E LT FREFICLZ TSI VD
BRI DOWT” BT 7 B R BLROER” 5 Z 5N, H/IEMOEERHEL LT
25 N —TICBM Uiz, |

RS O FEDOR I, BOFETTEL, Y4 7abarh 0BT ER VR
KH%B, TEOABRZ=DICKAITE S,

(@ MUY LICHETZBH T T Th-231 Z{EB B,

ZOMFETIE(, 20K L > T Th-231 BEENZDTHSH, NV T LR U575
F =9 LRI Unt3) OB ER L. RIIDEENMTEabN RV EETH 5,

) U VIKHEFESHTT. (0, 20) KT K > TY SV OFRE U-237 ZHRE L 2H%,
TOMAEEF, YRRERREELEVEEZ SN TV EUDRY] (SRX Y=Y LRF
LXiEh3) OBEERIICOL >TEATLEHICHET 3,

(©) HOHEFICK DT T OB RS,

COMFEIER. HOPETFERV DI, NEOHRLIZREZI/BRMBLN, PRECHE
BREEZHOF LVBOREBYHPRAENTVWS, ZhbiE, VF=I L, advL, 1KS5
VYL, B HRIVL, AVVILBECRXD T REICBT BB ERETSH 5.

TNHOMEDS B, MITDWTIE, i U-237 BRN—XFil T 5 & E AR THEID
BN=DT. SR 93 BAROERDPHRKE Nz, LH L, 93 BrrROL2MEBIIDVT
DOFEMELL G oD T, Lov L EZEHNS 93 BROBRIERRINKE > 2,

() DWFZFEIE. FICEKETE. Segre & 6. T. Seaborg HHFEZ D T =@ HETIC
KBY T YOI HEDORAFRICTAT LI DTH B T L Seaborg HEDFRDH T 5%,

Eie, 28 RNOITNV—T1E. BABROFEROBMBERICEFN S, RERBRZTK
S>THH, FHRFRHLUZEZ—TY F2BR LU TEESBEZITES &, WAVWADITRDT
FovaVIiCHHEEN o TLES TeZH > THRBRLTWED, 2B HEBERDD
TH5C IR &EMNMEh oz, ARDMBIIGAHFERICH E—HDL T AETEATY
bl TH 5,

DL EDOmZRIE. 1938 F L D 1942 SFOM., {RIHIC K D, Nature, Phys. Rev., Z. Phys. I
HIRIAR E Nz,

BB, AATEBEDO TSIV Y LD bhiz0ik, BEERI WA (BXats
WA OV A7 buick3 U5V ORBFHICK->TTH S, HERFHIHFEFOAR
B RRKOFREEARZEOHAMK TH >/zs TOMKR., HIEETFHIVRIY
LIZBWTHREE N, TOREDMIXEICHRAREN TS (1957),

(3-2) RKIBERICTHES BMHRRICEE T B 7155,

BENICRTEERLOL LTI, BB, BRORBES BEARSE. KKEMERC
S R TYE K T” EF0K” OBEHEEINDH 5. TOFEH TIEHADOBEHE
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ZBEDOBENEE L,

LB, BRIGEOBGERETHOSHTIE. £T. ARHEZEMEZICBWTTRbN. LER
DT DWTIE Sr-89, Ba-140, La-140 3K U HBZ 5 < Ir-95. Nb-95, Y-91 DEER,
% e BRTEILLOFEIC DV TIE, Sr-89, Ba-140. Ce-144, Pr-144 35X T Y-91 DIFFEAHED
BH5NT2(1945), T DEEIBFOFHEHIFT2H & M., Cs-137, Ba-137m, Sr-90, Y-90. Ce-144,
Pr-144 BRERR S 5 LT, Pu-239 BRHE N7z (1951,

T EF DR O, 1954 4, BAREOBRFHLEEORIZH T Tithbhiz, C
DTSN U T EBAMAREIE, RHAOARNE AR, FER—mifseE, HBERRE 121G
WRE. SIRKERHBEHEE, KR RAUFFERRE R ETH S, < DIFVFET
KETRBAKARZEZPLL UTYHE, (EZTV—TRRIRBL TS, ZORR"
EF =R OFERD 5L L b 26 BOBRIRERY & P-32. $-35, Ca—45 LT U-237,
Pu-239 BRI ENTV S, AN EFZDROFHZH>T" LET B
(1950) OHT, BRHICECiT -7 Y5V, MUY LOREFIREERZEEL, 5EO
EERT. @A 5T E T ORA DI 724%8E Ru-108 % U-237 12 5727206 < b 2\, IR B
BTHoTl LR TWVWB, i, 1-237 ORHIEBRD TEELEFER T, EFREICHT
B EBIMER X NI IEBH SFIRBTH o T L BRI E U TEEBNICEE 28D,

KREEBERICHES B THODHICOVTR.” EFZDK” DFA X D ESHOKEDIL
ZENSML., BNIEERE T,

3-3) 74V =T OWALFIH

1945 05 1950 FE TlE. BETHEZHR T 5 HARDORZEFICL > THEICHBHART
Hole, T\ 1945 FORICE. HEEICKD ., BHOXRNIOZDOOYA 71 brar—Ad
CRAEREZEORMC LMD 5T, BEREIN, HRBOE- LD
BOFNCREINZDTH S,

F72 1947 % 1 A 30 HYOWERERICX 5 TRFHOREICE T 2 BERDOWHIX 5 TIC
EE) LT B EIE, “HARICBY B FEFHTHOTRTOMEISERE 2300
DOFTNEREIEENBZRNETH B, COWRIIIRDEDNFENS, (DEIREREDE
EZHWE T 3TN TOWFEE I3FF, DQLETRORKRENMBEGY X O B HEOH
A EDEEEZIIEHT AT L 2ENL TH3TXTOMRX IR LBE TS,

UL, BORA#EELOBSREOMELFMAICET BRIV LEEZT. GHQ
RAKED S OFEHIH A Eicxf L, BOBRLALGEERTo T, CRELOEZZ. Hifto
YA orabuaVhisEEnNT AV F—7OENEERRARRICE > TR T TR, KETE
BINTAY T2 AFEUTHAZEHTA LM GENENSI T L THo T, 194TH 1 A
IZ G H QBRI ERZHNERICBE L L € Kelly L5, 1947 £EI23RH UTkEY L
BEDE 1 IRIAMEHIF, & 5IC 1948 FEDBENITRHE Ui 2 XREEHE A o U, £/
L7 /Y b—TMADERZERZ CHTEE L,
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WAWAHREETH oD, CRHBELOFZEREIDODWICHKEL., 1950 FIC Anerican
Philosophical Society DFFRIC K> TA—7V v JEIUBFAT (ORNL) TOL bhizTY
FTAY =T RELHTIcHFBEI Nz, 1950 4 (FBHRI 25 )4 A 10 HIZMAT AV b
—7E 1 BRELARHELE, ZORAHZEDICRNEAHRE (YRARMNIIEAH
FDE D HEH OB A TEN RO FEEMBER TEH > D) KL 2D TH %,

AT N/zDIE Sh-125 ZDEDTid# <. “Irradiated Unit” TH->T. Sn &B=EPE
FRNULEEFEDOLDTHoT, LIEH>T, Sb-125Z F L—YFIHT 572HICE MUy
U A Sn BLGHET BRELNS 0Tz, BEHEEMEBEL T BAN YV —T1&, Sh-125 OF
BORTHEL, IV w7 ZARIEE LT Te-125n, In-113m 272 8EL, FL—Y & LTOME
FICRRTh L7z,

1950 FEITKEET AV b—THBA Ehi=DBIcid, (LEEOHTT A Y b—TFIAHICD
WTOBLAEREICEE o7, 1951 FiTld, XHMERZMERICEK 2" ATBEERATR
HBER (ZEE RNEZER) AFEE L. BEHEZEE L SESM LTz, HFERRE "Annual
Report of the Research Committee on the Application of Radioactive Isotopes in Japan”

[Vol. I, Part 1 (1951)F KT Part 2 (1951); Vol. I (1952); Vol. M (1956)] ICiXgRE N
TV,

EHIT, 1951 FICRERNICBI 57 AV b —TFIRERIZHELT 5 7z I HARBS R
TEHE (DBIKARTAY F—THE) BRIz, FABSOFTHOAEDT & DI,
[[4E 9 Alc. RERZEBSEFRMVTEREMAZEICB VT, H—RBHNERTREERZ
THOBEAC KX ODITR-T2T L THB, EFRIOBRTIE. BEHEZOREBZFHREFIHE
Ul7zo ZTNLE, HAKBIB7 Y F—THHBERITES Uz,

(4) BEUHEZEERAEDOFHERE ‘

1950 FEARDEBEX. HARDFEFIHFEORAL T, 1956 FICIRRRZREFRIAAATDR
EN, EHARRETFHHERSRE Ulz, E5IC 1957 Fiid HAREFIHFAHD JRR-1
RFFEDERICE LTz, ORI, RAKZETREFIOWME - BEZ2ZOBEKREL -
RS L TITA S Te O OREETEMRE U, TO—RE UTHEHEERENFRILE N,
C OBEBIIENIC B 28O LEZDORETH 5, TOMNREER BHE) Lok
EER. BN TROMRICE.LNDH ZERNOREEIC, BEHELRICET 25 maZM<C
LERR U, 7V r—FORR. RHERBRZIICHET S 3 8HOBENLEE. IS
AftE, HEZER EOBRAZE T, F—HHWmRERES 12 A 20, 21, 22 HiICHAR(E?
2, BRMEZRERHOHMBIC X D ZLRBIcB W THES Nz, ThDRE £ 1 HH
HEEh, SHIKE>TW3,

Dawn of Radiochemical Research in Japan —From Hokutolite to U-237—
Nobufusa SAITO (Prof. Emer., Univ. of Tokyo)
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77—V CRBESRERT Y Y A-T D
R L BIRE
FULRFER R B

BREFT TEEER CREED IR FERS BARFRICEE T 28R (L [T
I, TOAUEIRERCHINI L - TEDLLRVYEER THD | LI TH3D, L,
BRAED UL SO TH 2EEEFIHEEEZL (Electron Capture (EC)EEE) 2#F 2 TAHK
9o ZOECEEL, FFENDOETFPEIIOHEETFZRIN L, BATpte-—nty DX I
THTHEETHD, ZOEER (5D WITEEH) 13mEN - (LZEHEE (B iRy
REEE)ICL > TELAFEERD L E INTWD, ¥4 s, ECES IR EMNEBIZFETT
HEEE(FIZ 1s R 2s B 2 RTHICI VAL THREL, TOEERIIVEET LR
T AME COBEIERETINLTHD, ZORRBEIL 1947 FioA4 2V T ARZEEDOR S
L (E. Segre) ICL DB ERINTHE 60 FE<@Emsn TE e, LirL, ZbliELET
BEEEL, BEOEBELZITROTWVWE &5 Be ORI TH. 0. IBRRE DL T 2ELHN
HEINTHWBITTERNo, T LT, ZOEEROEIIHEFEIZBOTHLRESITHRIES
TWAE DT TR,

—J5. BEFROT7T—L 2 M0C, &FT: M ITEEF)ITEF LIV TDRERT /NA A,
AR E~DOIRAH, FLOEBEECBESOHE 2 L, BB L L THERZBUTWD, T
IVE TIZ Coo 7 FH~DBHMHERAE RD) O TIADFES, £LTRIOF /a7
FELTORARE, xR E2D O TERE, EBRICBEKIC X 5 ¥8kE v
T Ceo 2 Be ZNEALEH B Z & [Bel@Cyy, DAERKIIZALEIL, Be & Cop ICANT S HTIRAET,
Z O OB E =R AT,

UF 7 hbAWE Co DIBRAWMEERRICL T 10 3 MeV OB+ BET5, 22 Tk
Li(p,n) Be FIGDORBEEFIFH LT Be % CQo ~NEERLZENTES (1F&ACSITEED
BET ColdHEINI N, 2 FESNEBENHIHEELH D), T D Be WA €60 ("Be@Cyy) % I
va<w h7T7HEBEERAWT, BelCey BATEENWR CQo 777 v arv b LTHEET S, &
OFEBEFE L, SEAMRIZ U TEEORERE E LTRHWS, F72, ikE LT, 2B
U Y 7AHFIZ Be 0 R—7 S HT=RBE2ERT 5, £THRENIC Be £EEEH (106
X0.3t) ZEZHATEZ, EFTAT v 7 T 50MeV F TIMEINZEFE2HIBHEICELBRL,
BRIV —y AT O Be ERICHRFT S, BIIZEY, B *Be(y,2n) Be B Y,
Be &BPICH—IZHHi LTz Be # MERMETHZ LN TE S, BEZEH 1150CTH 1 BRI~ —
X7 L., BEEREEEZ T &R T (hep i) #EIE S E 5,

ZOEIIC L THRBENTETo>DFEL [Be@Cy, & Be &8 (Be)] %, HEREIZHER
BIFEEE (CE D (11T, ERERORED Ge- v MIRHERORTAICRAICBEMICBEI T2 L5
WL TOEBIIOBRIEZT o7, ZOEBOREMEOHFEBMT 0. 0lmm U T THD, Eiz,
EENEBEEIL 20 1CIRZNTRY . BIEFD Ge- v MR HEHI T 5 R FHEE X +5
RREETHBETE 5, Ge—y BIRHERETIE, Be AR O 'Li ORIERED B S35 478keV
Dy BEBET D, Ge-tRHERDENTZHFEE CEENE: 1. 8keV) IZ L V. "Be BRRUNMNDLD v
BITHER T& 5, WITH 2 v B o — % ORRZIIT A AERERZ 255 L THEBMICIE LWRFZNC
BEETD, K 2T A LV BIEBIARREIL B AMEERRE & 0N 1 BRLUNIZRZL TV A,
B 1 BIOBIEIZET 5 R % 6 K (21600 #) & L EEORITEIZ 5 KFfHE 58 43 00 7 (Live
time) . &V D 120 # % RREFFR] (dead time) & BBIOREIBEIRFM & U7z, HIEHIFIZ72<
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Th 3B Ex BEIIRESH., D EoDREHISZ vy A7 ML% 300 | (5) ME
RGNS TWS, EEREEO LK T ETORESMIZEBITS dead time DZE{LIE 10 LA
TTHY, ZORIFRMAREBIRERE RICERERBEL F 20,

Ge— v BIHEETIE DI v BT O FIEIIHEL STV T, KER B — 2 BRNHE
TE %, 1257 oDRED Be b DONEY— EEEZ 72 v b LEBREEEORT %
HIERE B EOBE & LR LT, & Z THIBIEBIARE O 315 (cps) % 2. Teps IZHKBAL L.
ST ODELMBEERLE TX2X51c7ay MLz, F£/, 120 A5 162 B 2y b
EIERLT, EEEEOEVRSNDL LI LTHD, 2D 2 KOELE % MINUIT program
ERAWTHAEMETEN L7, 2NE CIEEOFHEERNBZ Z2bil, CoH & Be £EF T
D "Be DI FNZFNT(1/2)=52.65+0.04 H KRTNT(1/2)=53.25+0.04 A &K S 7= (X
R OMITRERIIZO—H), K1 0T ey ho X oz, FRHOES H CHRIETEHL9
RRERBREERLEFIZTINETIZRNWE S TH D, REBRTRD H1L72 Cpo D Be D435
IZBe & BT OYE LV 1 19REELS . SHICZOfEIT, IhETOIEIERILEHCE
B, BETTHRESNE, POMELY BEVVEEZRRL T3,

Be B3R FIMNR (FHERT) Tl 1sR2s*BFHEES LD, Be THEFORFEMBETD
mm B IZKTT 5 25 (LX) BT OBELITE T IFRICEEN T TJW&F&%#%%M%
1% 2s B DRTEME TOBEIL, \LFEESTENIIEET S0, £ 1s BFORE
i ié: SR RIE T, DX AT I 7 A TEBREW, 4 B £ THRE I T 2R (53. 1
H—53.3 H) TiX Be (FAH ) L) OoMELZFOBIPN-ZDEN - (LFBED

P n 12T, AEBe EFIRBD 2s EFIX
Be T HRIEE G, Be JFII %
(AT ERET) LY bREFEAE T
DEBFEEN NSV ERTFREN
Do —F. CouMDRT I ¥ LHINT
b5 Be O, HANPMHERT
D 1s2s? BEFEE! \-Ei%)ﬁ< . DR
BTORFEMNEOEBTFBEL L
TWBEB2 NN, 2FD, FL
72 HIXIMSE R Be DO¥RHAA 0 52 H
DD TRRVD, ZOE, ZThb%
HRHBEZEO TRMNT 5,
EOHRTEHER - ®mEHAWITT
o 20 40 60 8 10 120 140 160 i;ygbi;;ﬁét;;@i5§fifﬁ
. e 4 1= D
B5H (B) , TWBENG Liely, 7235, EREN
B 1 JIESALTZ Be @ 478keV y MROTFHAR KLY T, ECEZODEERNZNITERER
Coo D Be D Is BEF., 2s BFOEFE (FBEM), =L LU THRBEINEZGIZARL, ECESE
O ¥BIATIEICEALE COBFEEIC
EKEFETHEVWIERBELNE,

BIE (hY Y M)

Enhanced electron-capture decay rate of "Be encapsulated in Cq cages and their electron structure
T. Ohtsiki
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BxREAA Y BERIEOBILFERHE L
7TI72F A4 FalE~DIEH
R+ A4 =i

ﬁu@éb&w:o®%ﬁﬁﬁﬁfﬁ\4%V@ﬁﬁ¢f@§ﬁﬁ
DE (BEzxALX—) IS L THRERBRHT L, ZOHREA 3T B
RIS, Bt 5 %& R4 4 v SBEORBRNRER
SThY, T72F )4 FOLGBIIBONTHLEETHD, $/2. 43V
BHIIETI IR ALXF—DREEZBEBL T, BIRPOA TV OBEKERT
ANF—NHARER R EEOMBILENLRERIEOND, RIFFET
X, 72 F A FOKMBEEBERETCOSAT VBEIXISEZHRN,
NFENHEOHEEZ2IRAE T 2B, BonEEBRT — XXM L E
FHLWOBE - oWMEOCEBXEZERL =,
CHHEARICBEMEL L Tz NVXY—% 525, BWMEELIAL
—ERMBENPLME~BE L, FBICERIENLD, ZTOFERZEXR
L% R2FER, AERBRICOMEICBYTCHEARAUEFETD 5,
LML, T2F A4 R4 FVIZEKERELS ., RKETIREMERNL
AFUBHEZBACTCET, AABEBRICORLEHENLDEMETH
HIBEEA T UBEBX T A x2 VX — (AGY) &, T27F /A FizoWn
TRETE W, 22C, FIHARAEETH S TR A4 FEEEMEM
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Electrochemical study of the ion transfer reaction at liquid / liquid
interface and application to actinide separation
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Separation of Lanthanides and Actinides by using Tertiary Pyridine

Resin
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Fig.1 Group separation of
lanthanides and actinides by
using hydrochloric acid /

methanol mixed solution.
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Fig.2  Chromatogram  of

lanthanides and actinides by
using nitric acid / methanol
mixed solution.
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elements and actinides

Concentration / arb. units

...... . 1
0 50 100
Effluent volume / cm®

Fig.4 Separation of Am and
Cm. IM HNO; :MeOH = 1:4



