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meeting on Condensed-matter Chemistry in Actinides and\
First Meeting : 2020F2878 RAWEH BHRASHE 9:35-9:
Second Meeting: 2021428108 zoom=Fk  9:35-9:50

Third Meeting : 202243A38-48 zoom&i#  10:00-15:00
Fourth Meeting : 2023%3828-38 hybrid&3# 13:00-17:10, 8:00-15:00
Fifth  Meeting : 2024%3H6H-78 hybrid&# 10:00-15:00, 9:00-11:40
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Radioactive materials are regulated

under two different laws in Japan

Radioisotopes

(Other than U, Pu, Th) Nuclear Materials (U, Pu, Th)

The Nuclear Non- Treaty of
Proliferation Treaty (NPT) || cooperation in
nter” A t of Mar/4/1977 Energy
national greement of Mar.
between Japan and IAEA between' two
countries
Nuclear material control =
N - Equipments,
- anf:l _Proliferation_..___._J{_ ‘Materials
|Atom|c Energy Basic Law
v

|Reguration Law on Rlsl Reguration Law on

Nuclear Raw Materials,

2
225\ ¢ @ 225 5 «-+--|229 Tifyclear Materials,
and Nuclear Reactors
226Ra(p,x)225Ac

Eco system of Actinides research

KURNS, Kyoto Univ. IMR, Sendai IMR, Oarai
Prepatation
- - o I
Basic Méasurements
<
Cooperative Movements of
researches = Rl &nucl mat.

SPring-8, KEK PF

Univ.s (K facilities)
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Our meeting background:

domestic and international meetinggs

AARESDFEIRICDOWT

Fiscal Year | Classification Conference Name
5 2005 | MR Oarai mesting Actinide element lab. user's meeting
2009 (Tohoku Univ.) Oarai user's meeting (Actinides)
2008 - B
Sci. Res. Grants Fundamental Research(S) mesting BREE : 77T/ A FOYHALT LIS« FF47 B4 PR T RT R B
(S —— T o MR
arai user's meeting including -
BWEER : P ERIUR 7 : R6S03)
TS ‘Mﬁ.:fo'ﬁ (et Collaboration of LARE user's mtg with Sci. Res. Grants Fundamental BERS 37340 BARAOLTIE BFEBETFEN,)
ok Research(S) mtg EEAAV:
2014 HRARA R DR BT 5 = LB A%,
2015 7th LARE user's meeting - BT RIEAEGEIZ I ST Y 72 F /A FOBHELSE LIS - FFFRMIEA R s
2016 sth . B Bl IEY 5. EFEHA, & LHERY 4 %O Y
th LARE user's mesting RBERE 5 T ROBEI VT LIRAIE SN TETH S,
2017 Collaboration of Workshop "Science and Technology of Actinide Elements" < R RCHEMMOBAARD bR TWD Z L Ly b I ROMRE, S0 RH, LOBFRSL
IMR Tahntis LIniv with Oth | ARE 116ar' mte CAIY AT L fen
2017 | international Cont. Actinides-2017 (Sendai) < TR b KUR G (0 CRAgREL - REAIOBFRIZ S 25T,y b7 R B Y (1) RS0
Sors o AT BRI B A MBI A R0 b0 hER L, fhink i TR LY,
- + QWA (ORI RLOBLEIZ BT 5 Biaid A SN Tl o
2019 Official mtg. k- —— 5 - N N
e s Topical meeting on Condensed-matter Chemistry on Actinides ERETAY b i b o TS A > 25 LN E 25 59 DT T RS,
2020 e HRREESME - 30 7711
2021 BR&PER: 25 101
Official mtg. | Ysers meeting on “Condensed-matter Chemistry in Actinides and their [ B 2oLk s
o ‘Applications / Production of medical Ris by Reactor Irradiation” BRREREH - (/M) SCtEdeRss ik ik

| GIe) TR

* mtg in FY 2012 was not planned because of the damages due to the Tohoku earthquake (March 11,2011)

hy k7R

YEERE
(2—JLK)

2024FEBATE

SEM+EDX ICP-MS
Hiz/\« 7% SU3800 Agilent 7900
EDX (~Cf)
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Fig. RERIFER ORI L LRBRA D) C. Muller, et. al,, . Nucl. Med., (2017) 915-965.
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- X§R - IR RO F D A(39Sr)
e -y NUDLAY)A TUVETTF %
- TR vy

EE5 S (2 Ra)
. RRUSILI T2 (1311)
OLFFOLAFS R RLAF K(77Lu)

[ EENAR  EROREEEBEDES ]

{EF IR RIEE

JE/NMRRaRT A ARAREFARETHRAR(CRT)
BWBE | FiiRiDRT— 11 - DIVRTSF> +)80U
o SFEIL
- SRTSFU+ REsF
L
IR A, AL RET AR (CRT)
PS O~2DIEREVNERBRTA A | - SRTSF> + T MRS
3
RiEih'A ARAREFETHRAR(CRT)
IR N R - SRISF+T)AO0
2F—SII(T4), NaTHBE |95
N
#
RS S2T5F
IR B 1 (SRR A 26
TORBEE, HHEHaEE
FEEHA B RS 42A B (CCRT)
ERENAZ VAT —S1 B3, | - BAES XTSF > HH
BEMRBUALBMBEE | || ooRmErficas | | SATTTo A IAATTTS
HHpahEriE; F—SIL IV A b SRTSFS+)OUEF
L
REBIER A

ROFRPEFIER (BNCT)

[V EBIR R PREST R SR PR R DERIREDE |

EEMREEEID
° y 0 ofENMH
Normal cell L]
Cancerceft - ©

@ o

" BNCTRI/RD R

Neutron beam

0B & BT L DRI 19B(n, a)’Li ’iﬂ:ﬁ;’&,

7 Helium
77777777 . & (a-ray)
@ LBPA (KR / 7z=LT75=Y)
Neutron Boron Qe Ko775> (108) (—#4)
. WSIESRERE: 2020638258
108 + 1, > [11B] Lithium EEEINHE: 2020655208

- 7Li + *He + 2.79MeV (6%) [— = S 2k- —
7L (5 7Li +y +0.48MeV) + *He + 2.31MeV (94%) T e oA

B, TTILTF S FHEROBPANSEIRK (T

Clinical studies with combination of MRT and chemotherapy agents.

Cancer | Type of study/clinical No of Molecular Chemotherapy | Year of
trial phase patients | radionuclide drug study
therapy (MRT)
agent
mCRPC  UpFront PSMA, open- label, 140 ["7"Lu]Lu-PSMA-617 Docetaxel 2020
randomized, stratified, 2-arm,
multi-center, Phase |l trial
mCRPC  TheraP trial open- label, 200 ["7"Lu]Lu-PSMA-617 Docetaxel 2020

randomized, stratified, 2-arm,
multi-center, Phase Il trial

List of clinical trials of MRT in combination with molecul.

Cancer Molecular radionuclide
therapy (MRT) agent

targeted ther

ical trial Year of
phaase study

Molecular

Metastatic Merkel [""Lu]Lu-DOTA-TATE Anti-PD-L1 mAb Phase | and Il 2020
cell carcinoma

Somatostatin ['""Lu]Lu-DOTA-TATE PARPi olaparib Phase | 2020
receptor positive

tumors

mCRPC ['""Lu]Lu-PSMA PARPi olaparib Phase | 2019

Nuclear Medicine and Biology 98 (2021) 40-58

33




Copyright protected image

Clinical studies with combination of MRT with EBRT.

Target Type of study No of MRT EBRT Year
disease/can | intention/phase patients of
&= study

Unresectable  Long-term toxicity and 10 7.4 + 0.3 GBq of Total Sequential 2020

advanced efficacy ['7Lu]Lu-DOTA- dose of PRRT +
primary or TATE/TOC 40-60 Gy EBRT
recurrent

meningioma

Nuclear Medicine and Biology 98 (2021) 40-58

SOACSIAT1IAR

EX san
2 J— =
Diagnostics > €5J/27492 4 Therapeutics

Theranostics

SEHEBENCRIRMSRDIAG . UL ERVE L) RAE

RFA ATV B =rIBUCBI
ROCHEPEATRIE

BAHERG TR
s <TTREBBLLTRBENTUSEA>
{ LT (L)

BH-HTE GERE)

{ WA IIYETFIFLT (U
YA TYVERTFOFES (EHH)

gm.,?ﬂ

5YAES5IA749A2T0-T

A EREE - inRREDOHEAESDE

S AR
3T RUDA (21) A TOF RUDA (B) 5
e e
ASTSILNRSF RUAF LFFOLAFY R LA
R(111In) F R(177Lu)
ASSHATN ATIY AV RUDA () A TU
EXTFOFEYS VEYTFOFEY

3-T—RRIUIII TS 3-J— RRISII 7=
> (1231) 123]-MIBG > (131]) 1B1-MIBG

BS99 0-223(22Ra) _(ofRHH%IE)
- 20134E(CHEFDA. BRHEMATRR.

- BATF20166E3A LR,

- BEREE T SRR ADBRIC .

ERPRFI A DSRARF SN D afm iRt 7E

2HAE 7.21h 5.87 74.1 BA TR EAT

V\as>) (%)

225A¢ 10.0d 5.64 69.8 BATREMEA T

(FOFIAR) W3, HBOESE(C
REHD

) 4.12h 3.97 41.3 LB

(5254 R)

212pp/212Bj 60.6 m 6.05 77.6 BFER |

(ESRIK)

213Bj 45.6 m 8.32 83.7 LB

(ZE5RH%)

227Th 18.7d 5.70 71.0 BAFER |

(FOFI/AR)

* TP - PROFS - AZ21=5+ (JAC) AL

WFFILAFY R AFR(1Lu)

20214065230

- BEEERER YT SEFFE] (—lE  LTFIOLAFYRRLAFR

177Lu)) (AT, DLFFS1) (E2DWT, TYR MRIFOZBEBEOMEA

SRIER ] EESAE & U C RIS AR ZEN TR L.

CDLEFSE AU D> REEED—TE TH DRI F REBE MG EZIERE
(Peptide Receptor Radionuclide Therapy; PRRT) ([CAAVWSNIERERT.
IRTF REFERBHHEZIBECER ] & U TERNTYD THERBSNT,

- WEADIIERCRETRRIT DY MRIFURBR(CHEES L. WTFFILA

177Hh' 5E SN HEHRTHAMRRZ BIERE T 2.

=] B-MOBATANF— | YRIFLF—
1[67.4GBqZ 8iBfH
fEiR TRA4E

6.738 500 kev 113, 208 keV

[177Lu]Lu-PSMA-6171T1EPSMA-EIE RIS 1T A SUERERITZIRD A DB
ZBNE ULAORNMEEY 1 > Riti e UTRMESROAEIG
2022412H13H

HARICHNT, 2020~2024F (FF19) (CIFRITARN ABBEE105,800 A /20
BUNADDE, HB—HEORBHICAD LFREINTS,.

Journal of Nuclear Medicine August 2016, 57 (8) 1170-1176
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[FFFZERUELU-177DREMFR

LA ER S

EHIIE=S
=[5 /N
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ANEZ

BHDRFIFORE (2023F28. L)
SHINE Technologies, University of Missouri, Oak Ridge National Laboratory

REPAY - AT NRER
BEIRTEA

LAY - SRR
SRAF - &

REPERAY -

RFFZFIAUELU-1770%RE

&

BRI FERTE (0=2.5 b)

[Ei53

BT HEURTETE (0=2090 b)

176y (o) 177D
(t%=19h) YbELuDSI BN EIEE
B~ decay
(ny)
176 177 177
Lu Lu — s 77HE
(t % =6.64 d)
(ny) T
21.7% B~ decay
78.3%
177TmLy

(t%=160.4d)

Abundance %

Yb & LudDEIikLER

168 0.13 175 97.41
170 3.05 [176 2.59 |
171 14.3
172 21.9
173 16.12
174 31.8
[176 12.7 |

100mg 3OHF§&E

>3000 GBg/mg

1.D.B. Holland BV LuMark® Lu-177
>500 GBq/mg

Lu-177D4tH4a
R T S S

15953

o

176y 2 177y — 177y

BifE

76y o 177) y

GMP
LuCl3/0.04 M HCI
Lu-177maRTER U

ANSTO >3000GBg/mg  fHEEE LuCl;/0.04 M HCI
176y L 177y — 177y
Eckert & >3000GBg/mg & GMP
Ziegler oy & iy, LUCI3/0.04 M HCI
['75Yb]Ytterbium < 0.1%
["77mLu]Lutetium < 0.07%
JSC Isotope 1.11TBg/mg i LuCl;/0.1 M HCI

o)

176y 2 177y — 177y

ED)_’ IS IER
FE DI HHHIEELE

BA7AY M—THRahSHEATEE

G 3 N

Lu(n,y) 7Ly

T7Ly-EDTMP

therapy of skeletal
metastases
phase Il

Clin Trans| Imaging (2015) 3:167-168

18 5 MBq/kg 67-168 DOI 10.1007/540336-015-009-x

925 GBalg

177Lu-PSMA-617

TILU-PSMA-617
using ['77LulLug+
produced via
eLu(n,y) "Ly
Lu route with
moderate specific

1 dose of [77Lu] Lu-
PSMA (mean dose
7.5GBa)

- J Labelled Comp Radiopharm

. 2016 Jul;59(9):364-71.

doi: 10.1002fjcr.3414. Epub 2016 Jun
6.

160 ug of PSMA-617
77LuCl

- Cancer Biotherapy &
RadiopharmaceuticalsVol. 36, No.

activity (0.66-0.81 555 GBq/ug 80riginal Research Articles
GBg/ug).

TTLu-labelled gastrin-releasing Phase II; completed NCT03724253

NeoBOMB1 peptide (or amphibian  Phase /ll; completed NCT02931929
bombesin) receptors,  Dalm, S. U. et al. %Ga/'"7Lu-
BB1(NMBR),BB2  NeoBOMB1, a novel radiolabeled
(GRPR) and BB3 GRPR antagonist for theranostic use in
(BRS3) oncology. J. Nucl. Med. 58, 293-299

(2017).
TTLu-labelled RM2 45 % 0.9 GBq gastrin-releasing European Journal of Nuclear Medicine

8 GBq of GMP grade,
non-carrier-added
[7Lu]LuCl, (TG
GmbH, Garching,
Germany)

> 3,800 GBg/mg

> <107 (17mLy)

77Ly-Cetuximab

178Yb(n, Y)"7Yb —
Ly

peptide (or amphibian
bombesin) receptors,
BB1 (NMBR), BB2
(GRPR) and BB3
(BRS3)

and Molecular Imaging (2020) 47:123—
135
https://doi.org/10.1007/500259-019-
04504-3

60 g of a RM2-TFA

EGFR, Multiple
Cancers (Colorectal,
Head/Neck, Skin)

{fcanmsa SR, HHNFOL | EREN SEX
HREHE

177Lu-Miltuximab

77Lu-DOTA-diZd

77Ly-DOTA-
Rituximab

7Ly was purchased
sither from 1.D.B.
Holland BV or from
Perkin Elmer.
Lutetium-177
(LuMark® Lutetium-
177 chloride)
>500 GBg/mg
PSMA - 617588

7LuCl, was in the
range of 22-26 Cilmg

176Lu(n,y) "7’Lu
740-1110 GBg/mg

["Lu]Lu-DOTA-
Miltuximab®,
199 MBq/mg(&h#1)

Phase I/ll Study in 31
Patients

clinical study

10 mCi (370 MBa) of
Lu-c-DTPA-
Rituximab

c-DTPA-Rituximab
conjugate (~ 3 mg)
1.48-1.85 GBq of

TLUCI3

Glypican-1,Prostate
Cancer, prostate
cancer

Vascular EGFR,
Breast Cancer

CD20, primarily found
on the surface of B
cells

DOI: 10.1021/acs jmedchem.0c01957
J Med Chem

- 2021 Mar 1164(5):2705-2713.

Journal of Nuclear Medicine July 2013,
54 (7) 1045-1052; DOI:
https://doi.org/10.2967/jnumed.112.1151

70

Nucl Med Mol Imaging. 2015 Jun; 49(2):
85-107.

doi: 10.1007/513139-014-03152
Journal of Radioanalytical and Nuclear

Chemistry volume 318, pages849-856
(2018)
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8) Giordano, G. et al, Cells 2021, 10,2893
9) Zelinski, D. P. et al, Cancer Res. 2001, 61, 2301-2306
10) Nikas, |. et al, Diagnostics 2022, 12, 366
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ACS Omega 2023, 8, 7, 7030-7035

HiEp
EphA2-230-1

0.1 M NaHCO; pH=9.5
BnDTPA l 24 h room temperature

BnDTPA-EphA2-230-1
®PD-10H 5 ATHER

Copyright protected image

ACS Omega 2023, 8, 7, 7030-7035

A NDBNDTPAB KTWn-111DE A

BnDTPA-EphA2-230-1

0.1 M MES buffer pH=5.5
1 h room temperature

[""'In]In-BnDTPA-EphA2-230-1

["In]inCl

®Amicon UltralO0KTiEL L. HE&

Copyright protected image

[1"In]in-BnDTPA-EphA2-230-1
TREHMEFHIUNE : 85.1% (n=2)
M ERERE @ 98.5%

BnDTPA-EphA2-230-10DFEE D

UB7MG (1x10° cell)

¥
Sample (1.6-100 pug/mL)

+ EphA2-230-1

+ BnDTPA-EphA2-230-1

* natin-BnDTPA-EphA2-230-1

2% Fatal Bovine Serum (FBS)
Phosphate-Buffered Saline
60 min, 4 °C

Copyright protected image

Phycoerythrin-conjugated
goat anti-mouse IgG
secondary antibody

2% FBS
Phosphate-Buffered Saline
0 min, 4 °C
BnDTPA-EphA2-230-1. natIn-BnDTPA-
EphA2-230-1&BICEphAADFEE N
#Fenctnd

FACS Caliber

ACS Omega 2023, 8, 7, 7030-7035

HHAZHER D 1A 7> RER

M AHARRICE 1+ DEphA2FIR DR
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il UB7MGHRR :

DuA-3) |

EphA2 :

BPOFY :

EphA2/BT7OF>LE 115 E

R UsTMGHERE |

EphA2

BTOF> -
EphA2/B77 O F >t 0.89

HARRCSENS
R

CUR%/mg protein=

x100/ EDTILDY )\ IERE
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["1In]In-BnDTPA-EphA2-230-10DAAI I R S2ER

['""In]In-BnDTPA-EphA2-230-1DIEBNADEEZ R LT

ACS Omega 2023, 8, 7, 7030-7035

Time Course

SPECT/CTHRAK(['1In]In-BnDTPA-EphA2-230-1)

. . Anesthetized (isoflurane: 2.5%) Py
of A ™
- " -230- r
B MarDTPA-Ephaz.230-1 SPECT (60 min) 0U87MG HT1080  MDA-MB-231
PDUA-) (FE) (FLAYA)
72h 73h EphA2 (130 kDa) - - -
CMotecubes company) Time (hour) © T (5 min)
B F> (42 kDa) -— - -
Cell:U87MG (Human Glioblastoma)
Animal:BALB/c nu/nu mouse (male) EphA2/BT7 IF 2t 1.15 130 0.94
10 weeks 24.5g
Acquisition parameters for SPECT
OCollimator: GP mouse collimator fEmR
O Injected radioactivity : U87MG HT1080 MDA-MB-231
7.2 MBq/100 pL i
O Acquisition : Copyright protected image EphA2 (130 kDa) - — -
72 hour after injection of
['"'In]In-BnDTPA-EphA2-230-1 BPUF> (42kDa) —_— -
O Acquisition time : 60 min
O Reconstruction: 3D-MLEM EphAZ/BT?T‘/H{. 0.89 1.02 0.82
Acquisition parameters for X-ray CT
O Tube voltage: 50 kV

O Tube current: 100 pA
O Reconstruction: ISRA

fEIE DR /R B b (TR I LTz

ACS Omega 2023, 8, 7, 7030-7035
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BT OF AUE

B-Actin (13E5) Rabbit mAb
4°C, overnight

1
ZIRIURRIG
goat anti-rabbit-lgG H&L (HRP)
(ab6’

1
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Extraction of Ra and target fabrication method
for neutron irradiation by magnesium carbonate
co-precipitation from ThO, solution dissolved
by thermochemical conversion
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Fukutani?, Mari Toyama?, Tomoo Yamamura?,
Tatsuya Suzuki'

1. Nagaoka University of Technology
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T Present affiliation: JAEA

1. Background

225Ac is a very promising o-therapeutic radiopharmaceutical isotope.

The primary production methods of 2’Ac include:
1. Extract from 23U, 233U generated by 232Th (n,y).
2. 29Th/ 5 Ac generator.  2*’Th generated by transmutation.

We proposed the production method of the Th?»Ac generator by neutron
irradiation of Ra-228 extracted from Th-232. For this purpose, many kinds of study
and developments are required such as dissolution of ThO,, extraction of Ra,
fabrication of target, separation of Ac, etc.

2. Dissolution experiment and results
2.1 The theory of thermochemical conversion method for dissolving ThO,

Figure 1. The process of thermochemical conversion method for dissolving ThO,

The reason for choosing halides is that bromine and chloride ions are easily removed
in subsequent precipitation experiments.

CeO, always appears as a simulation of tetravalent actinide oxides, we used CeO, to
do simulation experiments to explore the best reaction conditions.

Mass of ThO, or Ce0,:0.1 g
Mass of reactants:1 g

or HPGe

Appearance of vessel used for reaction For the CeO; experiment, we used ICP-OES to detect the filtrate, and
XRD and SEM to detect the filter residue.

For the ThO, experiment, we used ICP-MS and HPGe to detect the
filtrate.

Mass of certum ion or thorium ion in filtrate
Mass of <oy (G e

Dissolution percent% = +100%

Where mass of XO, refers to the mass of CeO, or ThO, added to
Swagelok

2.2 Dissolution results of CeO, treated by thermochemical conversion

* Under the same heating time and
temperature, the effect of HCI is better than
that of HNOj; for CCly, CC1;CCl; and CBry.

For CCly, the change of heating time and
temperature  has little effect on the
dissolution percent of the sample soaked in
HCL.

On the contrary, for AlBr;, the effect of
HNO; is better than that of HCI, and the
change of heating time and temperature has
little effect on the dissolution percent of
samples soaked in HNO;.

Figure 2. Dissolution rate of CeO, treated by thermochemical conversion

2.3 Dissolution results of ThO, treated by thermochemical conversion

Condition of thermochemical conversion:
Temperature 300 °C
Heating time ~ 12h

The lowest dissolution percent is 70%. It
also can be seen that CBr, has the best
effect.

Whether HCI or HNOs is used to dissolve
the reaction products, the dissolution
percent is more than 90%.

Figure 3. Dissolution rate of ThO, treated by thermochemical conversion
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3. Precipitation experiment and results
3.1 The theory of magnesium-radium coprecipitation

Figure 4. The process of magnesium-radium coprecipitation

Alkaline earth metal elements are prone to losing their outermost two electrons to form
divalent cations. We used Ca, Sr, and Ba to simulate the co-precipitation behavior of Ra.

3.2 Effect of different concentrations of alkaline earth metal elements on
precipitation

Due to the detection limit of the instrument, we used four concentrations of alkaline earth
metal elements, 10-*mol/L,10-*mol/L,102mol/L, and 10-'mol/L for simulation experiments.
In order to allow Mg?" to precipitate as much as possible, excessive Na,COj is used.

Figure 5. Precipitation experiments with different concentrations
of alkaline earth metal elements

3.21 Precipitation percent of alkaline earth metals in different concentrations of alkaline earth
metal solutions

The solubility product(K,) of CaCOs3(3.36x
107%) is higher than SrCO;(5.60x1071%) and
BaCO;(2.58x10~9)1.

[1]Ehsani, L, Bhsani, A., Ucyildiz, A., & Obut, A. (2022). Direct
conversion of alkaline carth metal hydroxides and sulfates to
carbonates in ammonia solutions. Physicochem. Probl. Miner.
Process, 58(1), 169-180.

Figure 6. Experimental results of different concentrations of alkaline earth metal

3.3 Exploring the heating temperature and time for converting MgCOj; into MgO

Imol/L Na,CO. 5Cl, 6H,
mol/L Na,CO; 1mol/L MgCly 6H,0 Exploring the minimum conditions

ﬁ Filter and for converting M‘g(O; into MgO
by heating at different times and
dry filter
~ residue temperatures
.:> ———— MgCO;(H,0);=—— MgO

Figure 7. Manufacture and conversion of MgCO;(H,0); into MgO

3.31 Conversion of MgCO;(H,0); into MgO under the same heating time and different heating
temperatures

400°C is sufficient to convert
MgCO;(H,0); into MgO.

Figure 8. Experimental results of different heating temperatures

3.32 Conversion of MgCO;(H,0); into MgO at the same heating temperature and different
heating time

At the same heating temperature,
heating at 400°C for 0.5h is sufficient to
convert MgCO;(H,0); into MgO.

Figure 9. Experimental results of different heating time
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3.4 Magnesium-radium coprecipitation

‘We used four samples for radium and magnesium coprecipitation experiments, as
shown in the following figure.

Figure 10. Experimental process of radium and magnesium coprecipitation

3.41 Changes in 22Th Mass in Solution after Radium and Magnesium Coprecipitation
Experiment

‘We also investigated the precipitation of
Th by hydrolysis.
We found a
condition.

low  co-precipitation

However, excessive amounts of Th exist
in the solution in comparison to Ra.

The separation of Th by the
coprecipitation method is not enough,
even at such a low precipitation percent.

Therefore, we concluded remove of Th
before precipitation is better. Figure 11. The mass and precipitation percent of 2*2Th in

the solution before and after the precipitation experiment

3.42 Radioactivity of 22®Ra in the solution before and after precipitation experiments

Sample name Radioactivity*! Radioactivity*? Precipitation

Percent %

(Before precipitation) | (After precipitation)

CCLCCl HCI¥S | (305.64 £ 11.10)Bq (4.03£2.02)Bq 98.68%0.73
CCLCCI HNO; | (319.35 £11.35)Bq (1.47%0.73)Bq 95.46%2.60

CBr, HCI (392.26+10.95)Bq (1.36%0.68)Bq 96.53+1.88
CBr, HNO; HNO; | (325.87%9.98)Bq (2.04%£0.83)Bq 93.74+2.83

*1; Before the precipitation experiment, every original sample was 50 ml, therefore, the
radioactivity of *! is the radioactivity of the original sample of 50 ml.

*2; We only used 5 ml of the original sample for the precipitation experiment.

*3; Only the CCl;CCl; HCI sample was used for precipitation experiments using 50 ml of
the original sample.

4. Conclusions

+ We confirmed that the ThO, can be dissolved by a pretreatment using
the thermochemical conversion.

+ We have studied the precipitation method for extracting 22Ra and
making targets

+ We confirmed that almost all radium has been precipitated
+ We found the condition of low precipitation percent of Th

However, removing Th by only the coprecipitation method is
insufficient
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Q:

You only checked target element by using ICP-MS. However, many elements such as Fe,

Co and others reserved in reaction. Did you check them?

. T only checked whether **Th entered the precipitation.Because radium and magnesium

have similar properties, radium will co - precipitate with magnesium. The content of
other elements is very low, and due to their different properties, very little enters the
precipitation. In addition, due to the high content of >**Th in the solution, it also entered
the precipitation. Therefore, we plan to use resin to remove *>*Th before the precipitation

experiment, and other elements will also be removed.

© Why do you use cerium dioxide? I understand cerium dioxide doesn ’ t convert to

tetrachloride.

. Because cerium dioxide and thorium dioxide have the same fluorite structure and very

similar microstructures, and cerium dioxide always appears to simulate tetravalent actinide
oxides, we used cerium dioxide to do simulation experiments to explore the best reaction

conditions.
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(Us—x-y, Zry, Cay ) 034
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U0, — Zr0, =T RIKAER
(Cohen, Schaner 1963, 7 £72016/= /%)
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o BRRREAL (BLRIE3A., BLRELEA)
BLRRIBERFEETANLRIKARBLLTRA

IKHWAN, Fauzia Hanum, et al. Behaviors of actinides in chromatographic separation by using TBP resin in nitric acid solution
and hydrochloric acid solution. Journal of Nuclear Science and Technology, 2023, 1-9. s

. tﬁj:’ﬁ)f%él%(RAiEFﬁ\bJAEAMEI 2A)
H. Kazama, et. al, ' Reaction of Np, Am, and Cm ions with CO, and O, in a reaction cell in triple quadrupole inductively coupled
plasma mass spectrometry’, Journal of Analytical Atomic Spectrometry, 38, 8 (2023) 1676-1681,

ERMAAT, AMREEE, fn%ﬁ ma&aﬁ AIERA, MUE—, BEIE TR K R, [ICP-MS/MSDYT v ar L mIcE
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ABRRIESHDEFIEETH Blournal of Analytical Atomic SpectrometrylZiB&EiEhtz.

Ffz. BABSHEE ST AHRR TRERLIEFEFRREIERELX,

* H. Kazama, K. Konashi, T. Suzuki, S. Koyama, K. Maeda, Y. Sekio, T. Ohnishi, C. Abe, Y. Shikamori
and Y. Nagai, ' Reaction of Np, Am, and Cm ions with CO, and O, in a reaction cell in triple
quadrupole inductively coupled plasma mass spectrometry’, Journal of Analytical Atomic
Spectrometry, 38, 8 (2023) 1676-1681, DOI: 10.1039/d3ja00136a
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[1] JAEA “Characterization of fuel debris” https://www.jaea.go.jp/english/04/ntokai/fukushima
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[2] ] Seino et al, Chem. Phys. Lett. 461 ,2008, 327-331
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Dirac =YV —EiR + +
HPiracy, — py, - HfW, = E*Y,

oo =05 )
4p%ADiracik  EE2RDIE(X2CHE)

BoNDHR  EFREEGETH BFRE

FTEOXR - =0 iy
STEDIEHEE = AR TE & FIFRE

BE2mDE  BEZEBEES T (CIEIR TR

[3] M Hayami et al, J. Chem. Com. 39, 27, 2333
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X FHRCASPT2O S A« GitHUb TARB%E(R || (SZaNS e b AN )5 i3 8

K. Noda @HU
https://github.com/RQC-HU/dcaspt2_input_generator

Parallelization efficiency
in CASPT2 (UO,2+)

100000 | CASPT2

> 10000 ®-@. °
€ .
= 1000 [ 20N °
g 100 @o o,
E oo \
I
2 1
o 1 10 100 1000
The number of CPUs
1 core MPI .
5.5 128 cores GUI program to select active spaces
S N Efhe (core, inactive, rasl, ras2, ras3, secondary)
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-

Do

D RFOY A X TR F 2 AR, FHELZRIZARY PADRDS » A LEIW
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2,62 fFE  RIE (JAEA Jeimif)

()& U{bEY UR,Si, D F 7 ILIBRE

Chiral superconductivity in URuU,Si,

ASRC/JAEA

S. Kambe

URu,Si, Superconductivity under “Hidden order (HO)"

Subject 1
Symmetry of
Hidden order (HO) state
Possible space groups of
HO state
copyright protected image
Subject 2
Symmetry of superconduting state

Chiral d wave superconductor 2

E. Hassinger PRB 2008

State of Superconducting pair electrons

Pair wave function Y=g (k)12

k (electronl)

g(k): orbital state
112: Spin state

~ Pauli’s principal for
permutation
(k) xio=- g(-K)x2

-k (elecfron2)
Cooper Pair

glk)= g(-k) =>x15= - x21 (singlet sate)
glk)=-g(k) =>x12= 2 (friplet state)

Chiral superconductivity

Schematic image of chiral Cooper pairs

e

A+iB

Mirror

Time reversal symmetry (TRS) is broken locally. However, as A+iB and A-iB states are
degenerated, TRB appears to be preserved as bulk, but TRB effect can be found only at
the surface.

NMR Knight shift: sensitive to the spin state
KIT)=A Zspin(T)*+ Kors

A: hyperfine coupling constant

Superconducting
State

Normal

copyright protected image
state pyright pi g

triplet

copyright protected image

Knight shift K

singlet copyright protected image

H.Tou et al JPSJ2005

Possible gap function for singlet case
in URu,Si,

Gap function of for singlet with Dy, symmetry

Angle dependence of
thermal conductivity and
specific heat suggest
chiral Eg(1, i)

copyright protected image

‘ \

V: vertical, H: horizontal

Node structure of chiral d-wave Eg(1, i)
S. Kittaka et al JPSJ 2016
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T-dependence of Knight shift in URu,Si,
T. Hattori et al PRL2018, JPSJ 2016

H//a
g g
3 X
-'L\ copyright protected image E
=
>3 v
T/Tc T/Tc

A decrease Knight is observed in the SC state for H//c

T-dependence of 1/T,: sensitive to orbital state

No coherence peak at Tc
1/T, x T3in the SC state (H//c)
=>Nodes of Gap

1/T; « T (Korringa relation)
in the normal state

H>Hc2 => Fermi-liquid state

H<Hc2

—)

chiral d-wave E4(1, i)

Absence of Knight shift decrease at Tc for H//a
Spin-triplet

Unlikely since d-vector should be along the c-axis,
then spins are in the basal plane=>
may be inconsistent with the small y %,

Spin-singlet with strong anisotropic K, thus ¥in

jeCa x5,
me ~ ipm > 20
Kepin ~ Xspi
spin spin

Field angle dependence of g-factor from

dHvA Xcsy_‘oin/xaspin= (90/90)2 ~1000
Effective g-factor of quasi-
particles is strongly
anisotropic

copyright protected image

M.M. Altarawneh et al PRL 2012

Summary
= Chiral d-wave superconductivity is quite likely in URU,Si,

= Spin susceptivity is highly anisotropic yspin//C>> ysin//Q.
in URU,Si,
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DRI OWT D, BFEIREE (Order state) DEE DD fEN-#F (Hidden order)

DFEE ?

. SHORBREALKRFOFZHHA L TWd, AYEBRENTREFICHE R LT

BERVWE, EL Lo TVRVWDOTHFEIREIZK > TELTWVWA,

. Hidden order D2} 62 HTW\W3 ?

D RLBBENRERO E S R A EWVIEE LIV WITRW, BN RRFEIER

BRREIERR D 27 — =X C B & 2 A12iE5R < Btk L 72w,

D7 — X — I HIEL & 2 JRBE T spin suscebility 25 RS 3 E WS HENDH B ?

D= NPT E DAY VRN A5, Normal state 20 54T 2HRD & 5
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WA, BT AT R L TV,

D BUEROBD TR R ONvy) DL T B EORED?

D Tou BB ED S RED 22 TE S, F4 b7 FORED 713G ED 515

LB D e —HL TWVWd, BERDOBMERICE L THEDFE 72 EI3F# AU H
255 QIIEHER WV, 2 20— D 5 DD, % 212 Hidden oreder DR f
ZRTWSd LKW, Hidden oreder THF A b7 b5, LR,
A VROPIF L DD BV, WL D Hidden oreder TR - 72 & ¥ BRI
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Development of promising
ligands that shows selective ion
recognition for minor actinides.
T. Yaital?, T. Kobayashi!2, T. Asano?, A. Mori?
1. Materials Sciences Research Center
Japan Atomic Energy Agency
2. Department of Chemical Engineering, Kobe University
Fig. 1 The schematic figure of the RI laboratory, BL22XU, and BL23SU.
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Criticality Matrix in DOE Critical Metal Strategy
(2011).

Similar Chemical Properties

High Level Radioactive Waste

Backgrounds

Pr/ Nd

-

Needs for intra-series separation of Lanthanides and Actinides

‘ Tb/ Dy '
" Coercivity
Mine at high temp. » Improvement
Urban Mine (recycle)
l Am/ Ln
Am/Cm

Monitoring years
Environmental Impact

» Reduction
4

SPringe,

@» o

Purpose of this study

In this presentation, we focus on the separation of
these elements, especially Nd, Am and infroduce
the development of new ligands.

This talk’s contents are

1. Fundamental aspects for separation of these elements

2. Design and development of new ligands

3. Conclusion
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Separation of ion by Ligand
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Hierarchical Structure
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Effect of cyclization for Pr/Nd separation
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o 10 B Less Rigidity
s diamide
§ 1 4 OTPTDA
E &
2 Oo0| pa00BREEE
2 u] m]
Eoa - Q

Condtions

Org : 1,2-dichloroethane, Ligand 1.0 mM

N0, 0 W 0t pH- 30

90 min (ICP-MS) 0.01

[Tl s [ee o]l [ ev]

Lanthanides

Usefulness rigidity for An/Ln recognition

4 A 2:corproagyHigh Rigidity
W, [: OTPTDA B)Less Rigidity

Conditions

° 0Org : 1,2-dichloroethane, Ligand 1 mM
g a Ag : NH,NO; 0.1 M, HNO; = 102 M
<
2 Am
s
3
Tt i Separation Factor
a
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Bco o

N OTPTDA: SFpnye, = 2.7
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Atomic Number
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Previous works Molecular Design
[> Yaita i (Phen-amide)  Kobayashi, T; Yaita, T; Sep. Sci. Technol. 2010, 45 (16), 2436,
X-ray Online 2012, 28.
7 N0 N
- = v i i An/L
N Selective separation of An/Ln
¢ R [> Moyer  Moyer, Chem. ur. 1. 2019, 25, 6326 [> This Work
Vaita, Inorg. Chem. 2021, 60, 13409 and refs therein. Multiply fused phen-diamide
[> Yaita, Chai, Ustynyuk (Phen-diamide) chai, inorg. chem. 2014, 53, 1712.
Ustynyuk, Chem. Commun. 2015, 51, 7466
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R? 0 d R: SF (Pr/Nd) = 6.6 » Improved
1,10-phenanthroline-2,9-diamide Low yield, multi steps Extraction performance
Metal-selective extraction
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EXAFS analysis of local structure for Nd-OPPTDA

Nd-Nyos=2.943 +0.003A

Nd-O, Nypen nog=2.641 £ 0.003A

1

IFTI

strong bond.

9 10

EXAFS analysis of local structure for Nd-cyclOPPTDA

Nd-O, Nphen=2.452to.og1/"\
Nd-Opos =2.904 = 0.005A

Rigid structure may reduce the distance
between nitrogen and oxygen, forming a

12
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Conclusion ’

1) The ion recognition mechanism of phenanthroline derivatives to
actinides and lanthanides was elucidated from the viewpoint of
molecular structure.

2) The rigidity of phenanthroline compounds and size recognition
were found to be important factors in the intra-series separation of
lanthanides and actinides.

3) The use of chemical bonding, especially covalent bonding, for ion
recognition between actinides and lanthanides, which are trivalent
and almost identical in size, was again confirmed as useful.

4) The tetradentate phenanthroline amide compound was found to
be ideal for ionic sizes of lanthanides and actinides, which are
lighter than Nd, due to the increased rigidity caused by the
cyclization of the amide side.

5) The synergistic effect of these structural features has resulted in

extreme high Am/Eu separation factors in excess of 1000. 13
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Introduction to actinides

copyright protected image

Los Alamos Science 26 (2000)
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2583% : amorphous — anneal — icosahedral QC (207E (%)

EAWEE UTOSEGET FRY—
Mackay®! 547F (Al-Mn alloy)
Bergman® 10487 (IE20MEH-1E 1 2@ 4-K = 1R 20M -1 v h—R—)LE)

Tsaif! (12 - 20 - ZER30@EE - )
+ Al-Pd-Mn (Tsai et al., 1990), Cd-Yb (Tsai et al., 2000), etc
CNEBRF FE1E) CREBRTF F28) LNSBRTF FE3B) »ME
ZREREMETH D ENPENICRINT NS,
CCRETERESR
SEBEESR  Tsailly SR —hMEDEARICES (Cd-YoRFESZRE)
- SRR, PERRISKE CGER. WEOREHRDO—D & UTRiH,.




Tsai-type Quasicrystal / Approximant

CdsYb
KEBRF (Yb) Fd12RY

RN

copyright protected image

UCds(d7FZE L7k L (UCdi)

NpCds, PuCdsldapproximant Mori et al., JPSJ 81, 024720 (2012),

Powder XRD

400+
UjsAugAly 8o
300-1
k60
200 o
100 exp. ‘ ‘ \ L20
|

calc., e N g S \‘ N | I ) L
0 I T ?ﬁ““nv&«w«*ﬁw‘w M\‘#MWJ&M% cetha] o

0 20 40 60 80

V7 VR D TsailBha g

Magnetic Susceptibility

3 300
UjgAugAly,

3 41200 =
:
E 3
2 H
k= =
= 4100 —

0 L L 0

0 100 200 300

Temperature (K)

- U-Au-AlR TTsai BUA U & D 1ERICBTH
- FERBERE

- VTV 2EGROESRICREE

- ZOfOY A MMEAU/AIDSEL > TWS

- AR E—X Y h~3us/U

-Tv =4 KRR E (He#h Bib. BRIER) AF? TV bOE—R@@MAEW
- HiSE EBITIERICBE

CRVWESHEER  HLEENRBN (FUVF/ A RBPSEDTIF/AR)

- HEHQC/ACLAkIce/az BiEH S £ 1.92 (spin-glassz F18)
CREUVHFEEONLY REFThTWE LS THD

- NpCds, PUuCdsldWINEACTH D, HMRD A AV EEHNKE L, magnetic ?
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Q:

#FHTD thai B2 W5 DIFREF S LW, TTREDOY A ZATLRDMTIAALRIZE D X

N HS>TNEBEN?

L MR THRNTV I AN —#EIATo 7z ML TORBRETENA LD T—HTH

FL \Wotz, BT 2 e EERERIZZ > TuiRWn, FlZE AlRERDLED

WY, 74— KXy Z2T0WERLEDTTVWS,

D A A RO LA OLEYID T TV 20 ? H7 NS HRGHR DL &P 53T

ETWVWBIEBEZLNDD,

T TH B, T DRI FITEDR A O D 5, FD XSk

CAFAIDRITITVWS, 2EMICQC I TETWS,

DX Y DA KREVWDIX, FETFRREL TOWTE TN RKEVWEES Z

EROM?E—XY PEDRRKEVST I IFREMCT IS REWVWEREDNTEAT
FEBZFORICHBEORZIXINENL BV, KXWV WS Zrid. BVEF»Er2
LTTRRBIMAL 2L T, BEICHFELEZDEL VWS Z RO, MKIZHk -

T2 WS Z D,

D RS TSR T VW E THEACHY T2 DEF 100 M FEED D DT FDEHE

BREEFICD DI EZ NS,

- U offifid ?
OO OWHAHFERIZAMM TR X Z S AT b2 50,

e ffE—XYMER3 g3V 7V TILL AONIWKRE—XY M TH 5,
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DAY ADGECMBEEE N Z 3R TIXE D OREL R ZIT 2, TORDE
FIEDHE WD TEIKDHTH ZD XS RBRIHLZ 2, PuTHZD K5 BRI

Z5DTIE?

D EBDHE L WE R D 2,
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2.8.2 Il ZEE (FHEX)
(BT 7T D QTAIM T I BT 2 M EmEh SR O MREE

BETEDFOQTAIMAR (2
& 318 5m R DIREE

RAFBRLCEECR—YIL
RIELTHD ET

BEAY THA BI R

g 2P

EI=N=N
B

- QTAIMARAT

- BB R
2.Non-nuclear attractor (NNA)
3.4ER
45ROREE

Introduction QTAIMARHT

whme | | 8Fex Quantum Theory of Atoms In Molecules (QTAIM)
TIRE B 2 BITFE

by Richard Bader, 1970s~
HEICL VMO RA LY BIET
STEMOFRGZLIZL N, EROLMBTFEL LTREEBINTV 3.
POFI/AFEBEDFOEBFYEORR
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QTAIMARHT

QTAIMIZ EWT, RF ¥ HFPO1tZFiEE

DIBR

Zero flux surface  Vp(r)-n=0

n: normal vector to the atomic surface

k5 F(H20) @ QTAIMARHT
D FRADERFDHE

itical Points (CP

QTAIMT 4,
EEr G 3.

B E D BDE Hzero & % % Critical Points (CP) A%

Vp=0
CPIZ42 128 TE 5.
NCP (nuclear CP) : maxima in the electron density
BCP (bond CP) : saddle points between nuclei

RCP (ring CP) : saddle points inside a ring of nuclei
CCP (cage CP) : minima in the electron density inside a cage

CPIzBE 2T %17 ) C X T, BEELETUNL AT L 2.

ress tensor

CP_ETdstress tensor ¥ #&#7$ % Z ¥ T,
BENLEDHBIZHEZHBBH LT EFRHTES.

_: [( r.ri y: first-order deduced density matrix

by Schrédinger, Pauli, Epstein and Bader

Stress tensor® @B &
IE: tensile mode
#: compressive mode

P EEIES

BFESHREVRFEECHDTF T, BHBDRIARS(EETELI104 3

RRDOBFHRFZIZRCSI v N, EF DRI PIRIEC G B

2. Non-nuclear attractor (NNA)

n-Nuclear Attra

interatomic distance: 5.0 Bohr

Li, (HF/QZ4P) Li, (HF/QZ4P)
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Li, (HFIQZAP)

BRIOPBEL LV DI
EFEEDBK

DFOBETETL> T (LT NNADBEIIER

POF/AFBEDETRIZENTIE
BIRBHRA L NIZEQTAIMERIT IZHE LT 520 7?

NNAISEB LT, EXHDF OQTAIMERMT &3 ) 5.

BTRO,-72BEI
Krx 8L HF<HbuwETLL LW

details

LiU #AY 7 b5 ADF

[ 1 $ 1 ZORA (scalar)

Lix8LHFIc
NNADFER s 3
Zer%HBu

FI% 1 HF, PBE, B3LYP

HE © QZ4P

ZZ3iTozrd

FOF/A FOUEECRBT 2 7290 0f@HriE % L TQTAIMERMT (3EB L 72,

NNAIZEB L, QTAIMARAT 7 1
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AIM LS o fi

QTAIMIZEEF DY 7 b D27 bRELTE N, D FHITICER LFET
H B b3, stress tensorDFE L ETHEHBROMD 4+ E L2 8,
BBLNREEESECRERH BV 2LENDH 3.

BFEBIIOVTHERL-BFREHELETD.

QTAIMBRHT Z i 8 2 ¥ @EFIZ, QTAIMUADRITEATH ETR ORI T D,

QTAIMBRHTDIE B M 4 ¥ & 5HB L Tv (B E.

Ehrenfestfi#

TFBETII% {, Ehrenfesth & B 722 F3%

Ehrenfesth : DFADIDOEFHNRFZLMOBF» SR 5 HDFH

N

1
+Z r-r

s =7
F(r) = - N(¥|8(r—r)V, Z—R | W)
Z Ir=R,|

Ehrenfesth hizero ¥ %4 % Lagrange points (LP)123% 8 L ##4fT

NEBroDhOFEEFMLRT <, & BB LBITATEE

M vs Ehrenfe

D BB zero : CP BELS Ehrenfesth »'zero : LP

Stress tensor 1 ZRIEFA Ehrenfest Hessian

o

EHEPERTH L L VIR

Stress tensor @ B

Differential virial theorem(Z & % ¥,
stress tensor® B O FKE A Ehrenfest h 2% 5

F(r)=-V-0o(r)

é [n( - —m( . ) + ﬁ,“/)'\‘l,urr]

a=1/2, p=0D ¥ &Bader b Dstress tensor& %4 3.

Py(r,r)  Py(r,r)

arrl
j rr

Stress tensor @ B 6k M

Differential virial theorem
F(r) = — V- 6(r) Vo)) =0 % 20y(r) ¥ 02T b BLIL

FZ(Q) = | F¥(r)dr
Q

BF D F DEhrenfesth Q : volume

FH(Q) = - [ V- (6(r) + 6,(r)) dr

—J V - 6y(r)dr = 0
Ja Q

F&(r) # = V - (6(r) + o(r))

NNAYLH 572 F /A4 FRFERDY, stEEMH ENNAD B E
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BRLE
Q : NNA (Non-nuclear Attractor) ZFHRME LTI ED LS5 D ?

Al JRFRBECVALETH I (EFEEOMA) BRZ 22V B,

Q: BFHEOMAIEANZETFOER DICHIEL TV ET7?

Al A XA=UHNTEZIW-oTHH-TEL,

Q: DY ZAT, MIMDEITENRAH 77— EDLNTWENAY VHEMEER %

EERNE VD B ?

A EW,

Q : MXFERANRZHD ANBRWGE LMD ANSHEEEZ S . BETIE RN
THZE D BUHES 2. 255 2 LA D D7z ETIER S . SMIOET AL
BRELCITIR S, ZDX DRI S, WEDML Lo KD RIEL THT W 2 20
AL\, MR E AND LA TEZ WS Z ik, HEIREDILD - T
EE LTV 572 WO R TH > TV ED?

ARV,

Q: AV VHEMEER T Atz Td, BN ZA1E R 7 —MxtiaiIxiE
THRELLZMIIHRVDT, ROFERSHTHBDTIZR WD,

Al NOFTREBEZOA LI DD D, KFREFTHRED 2 L MR - TOR
ZDAFEZIHHT B, HOTEINIZDSFIZHHT 2, ZD7dExEmNRE
WO ANTGH R 2T 208D 5,

88



D LiU OEHE T, EEHMEZZ 2723 DICOWTE S FORFREIEEZZ 2 25812
NNADHTE/RDT2D0n?

DB, EHRE B X D D, R FEEREEZ N X WAERPRKREWHEICE X
¥ NNADBHTL 35605 5,

D FEBRHURERE S 7Bl ?

DD IR EBICBH SN DD %,
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29 kyTarl

29.1 1Lk H (JAEA SCimHF)

[JAEAICBT2E - 7 7 F 7 4 LW ZE 0 BIR

JAEAICHITBE -
BF7OF )1 L3k
{EFHFRDOBIR

P
BRETHRZREMRIN—T
FImBRHR L % —

HAMAT 2023FET7VF/ 1 FOMELEL TOEA
- RRFRAERARISLEICEY 5 ¥R K(2024/03/07-08)

BETZENLE

B3 vnk:
B7U0F/4Fn%k:

Z>92
Z>103

BETROEFIIES
SRU VBT ERANERDRSER (C
KBEMENSD" XL

HEETE (Z>100)

- BRICEA A VERRE
-@Fm (P~34—5-)
- EERE (1@5~EM)

“Superheavy elements (SHE)”

S
= BIE - WHE

FAMAT 20295FET 9 F/ 1 FOMELS L TG - ¥ 08)

FEF—EDF

One Atom-at-a-time Chemistry

‘ARTEBETIE. —EOLPRECHEF—2 LMRIGLY
24 0 GEROR) MR

Law o Mass Action

REERAOER
(e FH DA
© FHREM

Copyright protected image

Chemical
equilibrium ‘~ s Eaﬂﬁ
BEWSF Phase 2 & Q ces
BE,C,<C, Eovatont FFERER, P, < P, AR
TR (SRR BEHCF I BEF EDBE R5.11.11

JAEA % 7 LhNEzR

FFHEBICHE T IBETRHAR

JAEA Tandem Acc. Facility
Pelletron Type-20UR (NEC)
Terminal Vol.:  2.5-18 MV
lon source: 3 Negative IS
1ECRIS
Beam current: 3 ppA (H),
1 ppA (heavy ion)

HERK () OHEMER

“BERIZETPBETRIELRZREI O HELR”

3.

. SRR
. %}?%%ﬁ:i F7 =77 L(Db)DRIELE

+ 106&THRY —HK—F 7 L(SgHREIC

B =ETVER

. RIB(LETRZE

« 7 R —-BRERIELERBREBEORR

BETRA 4 E— LFARE
CETIF/AFDAF AT RINF —RE
cBERRA AV E—LREFH RSy b
#AREBGP 1 # RO

FAMAT 2029%EET 57/ 1 FOMELSLE TOBR - RSl 08)

FAMAT 20295 ET 5 F/ 1 FOMELSE L TG - ¥ 08)
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1. [ABLE#HRE © Db (Z=105)

1. [ABMLEHE © Db (Z=105)

248Cm(19F, 5n)262Db

MOCI, (M=Nb, Ta, Db)D{Est{%:

5 ] H
19F7+ @103 Mev, 350 pna  — MRSEIER F 25 f b AR
[
- Aprosol Inlet i i Nb > Ta = Db
m plug |
“"g“\ Quartz clumn Wateroooed P %
—_— 1 1 opyright protected image
Cartergas } / Ll copmanproeescine RN OF R
W Nb > Ta > Db
ragstcrampor  Foocton | PSR OS 2 Adsorption - DbAFIE(LMEH—(LFEE
T-1000°C  SOCMN, (1%0y) Aerasol Inet & enthalpy b'Cfiiib\ FI%TTR & L
KCl/ He (2.8 L/min) AHqg N. M. Chiera, et al. Angew. Chen. * Dbit&MOEFEIRAMEL 5
o _ 60 (2021) 17871-17874. DFERELDEFTN
54 WBARY BT IS5 O0ER Column temp. RO ?
HRWAH 20238 KTV F/ 4 FOMELLL EOGHA - R -08) FAMAT 20238 ET 9 F/ 4 FOMELLL EOGHA - ¥ 7-08)

1. [RIBLZHARE : Sg (Z=106) D ETFIVEER

2. &AL 70 —HERRRICFRBRERBEORFE

BCIARBARTERT 2EFGMo% AV 7 E 771588 = 1000°C SO¢-I;7(_)}Z

o . ic surface(quartz)
C N L Aeros
arrier gas (N,) agent(SoCl,) | Mo oxychlorid rticles
\ |~ H n n
i 1]
=i (e[ .
204 Ji — o T .
=t [ l [ To measurement
 — Cooling water
[ 72t chamber] [ Reaction section | [Isothermal section| [ Recluster chamber]
104Mo production il i Transfer to
production measurement system

AISLVFRARIOINI STER
REI S E—HDOHEE Y

mm——————

104Mo (77, = 60 s), 195Mo (77, = 35.6 5),
1Mo (7, = 8.7 8)lcoLWTEiRs A~ b

ek .

O /"y FROTHI DR

O o #%8E A SRR RED
3718, Rf, DbHRF

|
FFiE:

O EGRRD - HREN
O af@HERARRRAREHEL
B9, ERETRENTEE

~AH,45(MoOCI,) =67 & 1 kJ/mol 75 LENE - BOhEBREIY ZLE— HAEMERE Z 5 DR R
~AHq5 (MoO,C1,)=11 = 7 kd/mol s OErDDETEE —5 ERWIEE OB+ AIE
HAWATH 023FHT I F/ 1 FOMBLELTOHA - MY HWF HAWETH 023FHT7 7 F/ 1 FOMRILELTOTH - B 1T 5%F

2. RIBILE - WA REZ B A IR BRFARE

Violation of Periodicity in Electronic Configuration

HERET D > FA—I
HS-(CH,);;NMe,*CI-
HS-(CH,);;-SO;Na

88Zr, SHED 4 # > R 2EH)

HNO,/H,S0,, [H+] = LOMIic#13 3

SAMs
(ProChimia Surfaces, sp. z0.0)
EHEE
BTt B
BHPH e
HSAKRE (SAMs)FZRE
Au & Ti &g (4.2 £ 0.8)x10™

AF/cm?

TERL L 7-HREIERED M & KHBEZE D T & 2 FER

In chemistry,
- Strong relativistic effects

might lead to disorder the
“periodicity” of chemical
properties of elements.

Violation of [Rn]5f'“7s26d (Non Rel.)
i

“Periodicity”
starts HERE!!

[Rn]5f'47s27p12 (Rel. eff)
The first ionization

information on the
electronic configuration

X Conventional methods

RABAT 2020%EET 77/ 1 FOMiE BT 58P

HABAT 2023EET 7 F/ 1 FO . ¥ 7-08)
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lonization potential measurements using ISOL

Experimental set-up & ionization

Surface ion-source

T 0O O Awml
3 2NOon om)
Aom  ——Q Olng”

lonization eff. (I¢) =f(T, @, IP,)

T: Temperature / K
@: work function / eV
IP,: the 1%t ionization potential / eV

!

TKSatoetal.,
JRNC 303 (2015) 1253,

Copyright protected

Copyright protected image

Physics Today, June 2015

JAEA-ISOL B = T.K. Satoetal.
4, Mmeasuremen 1 Nature 520 (2015) 209-211.
of heavy actinides =
IP4(Lr)exp <::> IP1(Lr)theory = 4.963(15) eV
TK.Sato et al, RSI 84 (2013) 023304, =4.96+0.05 eV [RN]5f147s27p112
FAMAT 20235 K7 5 F / 4 FOMELLL EOBA - MR B 06) RAWAT 20235 K7 5 F / 1 FOMELLE TOBA - RFH 7-08)

Fm - No IP measurements

3. BERRAF Y E—LILERR

BELRATUE—LER BLEVEEOTHRNA A /L2 RET 70
TR AFViR%ERS
#BRB H&5SM . EBGP(Electron Beam Generated Plasma)
He/Cdl, R AF ViR
Sz v b @1F R
- M
Gopyright potected image JAEA-ISOL |\t . A4 B ER BRI
l \ RFBFAAER
EREE~D l @ISOLIT& B4V E— LBk
AAVE— L 0 axvrsyTee
- IR R NE
. . .  HMEM... etc.
confirmed, ending with Lr.
HAMEH 202357V F/ 1 FOMELLL EORH - B BT 5P HAMEH 2023577 F/ 1 FOMELLL TOLHA - B T5%F
3. THRAFE—LLE H N =
LT P el 14 S FRIGAEESFEB DM
Filaments
Anode — ERERAAE—LER HEBAUTIZ&DEERRE &
e AR HRAFHDUT TREHRAIEIC LD HMMRE
lon beam @ AL HEDRR
— o ERARKERIZED
Atom BB $FAALE—LIH,
Cathode” RRSRI-S DM
RF/BFAAVE—DER
BFEHEIC&>TI4 it BERFAFUENSYT
SHBERAREDILERS
l RFCH_?]"/Fﬁ‘)?’!: "
HBERFORFESMNKEL l BETEAT R LERRS
[FEESF ALHENLER
HAMAT 202387V F/ 4 FOMELPL EOGHA - Lt BT o )3/07-08) HAMAT 20238 ET 7 F/ 4 FOMELLL EOGH - )7-08)

93




BRLE

Q:

B LT o r L F—HEMNTAdHE (1=2) ICAZD, p#E (I=1) IZAZD
22 % MR A S I f B 2 I D S R pBE (1= 1) 72  HXERRIR O
BRI, dPE (1=2) 1TR2 TR K5, ZHDHMGERRNIROZES
CRTHVLR?

D Z ST, AT B T BZHNERINRIE s % p WuEAUHE L TREM L. d. FHLER

SHANCIRDS % 2 & TALEILT B0 ZDNT Y RIT K o TZ AT —HEMHTH L
THEST %5, ZD L5 RHEBETIEL W,

7 —aYHTAdE pDLDEEN TV RGE, xR E AN S & d B EEE

B DD ?

P Lr DREFOZANF—EMN L NV EELS CIEFEIEELTWS, R7IWZKRo7F

MLEWLIR DR TIZBOLBRLE THRETVOLNE D ALENT 20TH2, BHX
BoTVBIRETIE—ERILEIRD, ZORKEICEN|T S, dep DL LD
MEDIFFEITHGAE L TOTHEMERIIRD D & DICA S L EED D 5 DT p pifd e
BTk o TW5,

DB o EHIHWDD, WhWE pHIETH 5, pypid 13T NhIZEW, Lrid f#E

MA-72Nh LEICEBFEHBEICR>TWS, A F M2 LF =13 DT &L
KERbDEITHEIZANF—D20HZE 1EICAS, [JEENITNATVS

 BRESREOERLE LTAEDE TR > TA A IR 200 TITRE, piuED

BYHLERZDOTEESEICEHT 2ERZEZZIRITINUINT RV, ZD X5 LHE 7%
FRRIcW3, B7FEHIHR T e SbITWwa, BHiEREZESEZZ TV 1R
WE 5 IFIC7 5 DT R WD,
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D RERE T TAmM IZTBRPC 3R EE ] DI TH 5, & ZADNo ld 2 iy
ER LWV, Lrld 3l ZE TRV ?

DX 2V U AXDBEWILRTE RT3, 41, 5. 6B LETH-7D., HE
D2 W5 T & IRk T OalBRHE T3 HbN 5, No/2lF 2
HRETHD 2 L\ D BENEET,
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292 FK BB— GEKRERBG)

AR B 1) 5 Radio-theranostics DFRIK |

20235 (70 7/ 1 FOWlt

LA - o WEIZHT SELIFES |

m ARz # 1T BRadio-theranostics D IRIK

RfXFE EFBHERHAR
BEHRE

EK B—

AHORAE

Radio-theranostics

Lk

adioisotope

Therapy ©) ASAREEEHENEAVTRES AR
B 1311, 90y, 177y

af#f: 2%Ra, 21At, 2°Ac

Diagnostic ) % ARIZERBEHNE R THESB N
PET (B*#): "°F. 53Ga, Cu, %2Zr
SPECT (y#&) : 99mTc, 123, MiIn

N TEKE TL
xH e B 2] b ) i
' LR B R IRAE 45,360M/H 7 £ )L
[ Nal 131 (B 4R) 88 PRIRI AT (A0~ 125 7 L /ED ]
[ RaCl, Ra-223 () 1148 EBERIEA IR 684,930F/E ]
. YRLREFUBRE 2,648,153M/[E
[Lu-DOTATATE Lu-177 (B-4%) 6.6H wﬁmmﬁ%g B ]
. N 1,072,505/
MIBG 1131 (B #0) 8H HATEIBE MR (oA

REAEREZRALNV-AER

Ref. E£5 % F1EERRFROBETEETIRHREH2

RUGRIEZ AL V-/A

Ref. B£5 W% #1EERKFROBEEEIMTIRHEAN2

REGEEZALV-A
BHHE#

- BEORH-REICETIHMSTHEEREERTANZFRSEE)
891 200 MBgiL T
131: 1110 MBqLTF
%Y: 1184 MBqLLF
23Ra: 12.1 MBqLLF

- BEORH-RECEIIRMELEE(BEREMNDIA—IL)
131]: 30 uSv/hLLF
177Lu: 18 pSV/hELF

—HBOEFTRIFZETO ARG BE
ll-Nal (A E): 3/84H
177Ly-DOTATATE: 13828
31 -MIBG: 6387 H KL
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REGRRE
> RIFERKAICAEERM
EAVNME(EISRYRISIREAVEH T R)  EROHS - HARHOREALE
> MEN(FERFEA) TIEERRIZERROH G
TIERIEEY~ REANSWERSHTIRICEFRREA VA

BAGIEEERMLIRE

T A0 D15
AR EZRAOEEE (L. PRAKSREMEEE G RAKSRIEMER
EFFRNICERNICEAL TARERZ T TWS BE R EDRAKG TR TRELIE
ISEFHERESRABRSMERMTRCLVARERTTLSBEERHRARE

I

-+ BEOESRATE S EEBLIIBAISE DT, CORYTHL,
. FEHTORRE OHEARLN (EREORIIOBADS) S
SRENORELREL —BRETH, RARKESBESART SHOH
BRI, BRI ERELET 5L TARAH BT
Ref: BA7AVr—71 Ed IZRL:F A wWEE
BRI A RBXLELHHERD RIAREE
BRI ERERC L EE A QR
. RENOBERIECEDEE 1.3 mSv3A
(RIBERBOHELELFL)

= EFOFABEEEBL THRIZGRRHH
%9 HTET, BYEA VIS A AT 8

© ERISHERIEATLEE
(REFITRYSEEBLALE)
rMULAEEShI-BEE
+ REERBHICREL. EMWICRIZTEE

© BREBEORKFICLSRENOER PO
TR TRORBED. HIES EIHIRFEIE24
(ZEKPRERE) DREEBAGL
= FRADBITEHNH>TOIRIAFEICRE

LFEERIFE
+ ABER G (3=5FK)
P U BRI 5%
- ARk
- BRHBRERRORE
(FEFIZEHE)

Ki-CONNECT5 1%
- WA ERE ERRBIZ AR L) (26K)

RIEROME (EANER)

> RIFZTO ARG
+ RUFRE REORE -#IFEHNELHE, BECHHLL
. BAREBERE REANOFEBILEE. REEE TRBICEE
D) WEnIFSETHB
o aiRIMHIEEZELRABREOE R
> REABIED LAt
o EHIBH S
- EXBHNTEE-BAKES
SERHGBANRE SARERTONIBERNIRE FRBBENMET)
) REASOE RICIFENTEEAD (L) Tl - S mEIC
> RERHIHRELLY

BAGANE | EADGSVED | SMBER) | SK(BER)
(MBa)

31 2,200(:@58) 1.73E-3 4.25E-1 2.44E-2
i 25,000(:85H) 9.89E-9 2.33E-2 3.94E-3
211At 111GE3R) 2.72E-4 2.07E1 1.25E-85
225A¢ 111(E38) 1.95E-6 1.03E-1 1.74E-2
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Q:

HAMTHBIT AR FLRy ZI2OWTEWSZ W, RIBIRDOSEED R ML py 75?2 8l
BIZBERDLDRoTWVWBEDHN?

D BEEPEN YD X SICHREL TV A0 D FHAD, RITLu-177 1% 1 [Fl43 7.4GBq

BN SEREE S £ 260 TR ET 5, ZAUTMATHAEED. RIFEMEINZ L
BAUEZ L o TV, EANTRIZENIUZ2 R M2 T 3,

- RIOAEENRENTTE LT, ERZENTEEITN?

 EEONE R 2. BEENSEEICK S, Lu-177 Tl 1 [H 7.4GB 23ENIC

i 50 &K (A5 370GBq) A2 TK 523, ZOREDOEEENTHIETE 2D,
F/z. RIRZHE 2 FRITEKREIND L PREINDZD10EUL EOFEEND 5, F
FUIHIET % 2 B2 AEN 2 D HREICR 5,

D FERAILEAE D SHTEERIAFI ORI D D, At & AciZOWTHARBER > TV E

TV DBEEDD o Tzo JRHEDTTTIRIMHIA M L& DFEAH o 720 LLAT. K,
FHAKDT 42 L I RN T — 2ITED S A4 R4 2 OIEICHED - 7= 454D
Hd, EDHARIAVEEEEZLLIHTA F 74 Y OEREITZ %, WA
EI507

DA R A RES 2 EERRDREERITIEIEHEICE LW, A4 F I A4 Y DIERIC

[T 7 RGN 72 ST 1727200 2 L IFRIZH D 3T v, RDAT v T LTH
%

. JAEA NOMERIREE 7223, RIFFX ZEN W 2 WS EimD LT H - 72, HHIICfH

Z 55RO AU EZBIL TZ 3D TIXE Wi, ZDO LI RSP ED TE
ME T AN TEIUIN VD TR VD ?

98



A HEWICIEBNCT 2 ¥ CA RiFimD D olze TDOXIRGEED THMmTEIUL

Wiz S,

C: —fXicH 2 MRIWZPET B2 HX L7222 23H 5, WX THIRXERITTE
HXIENCPETHIENTE S XL ehd b, BHEMCATHERGEZ D TIXR

L\i))o

99



100



210 kv =alr]

2.10.1 B b M GERET)

[TRATZ 4 VFFSRET T4 F > DB B L RHKY 5 > BIIAD ERH

RR,R:
hydrocarbon group

N-cyclohexyl-2-pyrrolidone (NCP)
(Water-soluble)

TBP monoamides
Precipitant for U(VI) in
Extractants for tetravalent and HNO; media
hexavalent actinide ions from

HNO; media in solvent

extraction systems /

U0,2* + 2NO, + 2NCP

™ UO,(NO;),(NCP), ¥

Conventional extractants for An(lll) and Ln(lll) recovery

copyright protected image

Unusual V-notch curve

2 B

4 6 4 6
[HNO /M [HNO,1 /M
Adsorptivity of PPTPT and HPTEPT adsorbents

to U(VI) and Nd(lIl) in HNO, solutions

HPTEPT

()

4 6
[HNO,J /M

Adsorptivity of PPTPT adsorbent to

various metal ions in HNO, solutions

Resins with phosphono groui

HO o
vo LH-ct [ Aridoine resns |
Ho o, P(OH), P(OH),
HO -@-COOH T °
HO Y

=) Polymerization
(OH)P (OH),P
W

P(OH), ° ROH),
o
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Separation & purification
facilities

Adsorbents unit

Container filed with adsorbents

Flow of

plant of (RO

type)

10 ——U(VI
10°
<
10 -
107
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0.5 1.0 15

[NaClyM
Adsorptivity of PPTPT adsorbent to U(VI)
in NaCl solutions

Very low adsorptivity in NaCl media
-
Probably due to a poor wetting property

ST @

PPTPT

Very hydrophobic benzene rings
Very hydrophilic P=0 groups
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Concentration of NaCl in seawater ‘
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Development of Porous MoO, Pellet Target for “?Mo/**™Tc Genera-

tor

Development of porous MoO, target for **Mo/*™Tc
generator

Xiangrong Hu, Tatsuya Suzuki

Department of Nuclear Technology, Nagaoka University of
Technology

Background

Background

Technetium-99m (**™Tc) is widely used in
nuclear medicine.

¥

Traditional ®Mo production through 235U(n, )*Mo

Figure 1 The neutron activation of **Mo to generate *’Mol'

Issue
Nuclear Non-Proliferation.

One of the Solutions‘

Figure 2 Decay scheme of Mo and **nTcl2)

nriched uranium 1] 2009, 5
y of 99mTe: possible paths forward [1]. Journal of Nuclear Medicine, 2013, 54(2): 313-23.

1] COUNCIL N R. Medical isotope producio
[2]  PILLAIMRA, DASH A, KNAPPF R. Sus

Background

Table 1 Comparison of MoO; and MoO,

MoO; MoO,
Property

Trioxide) Dioxide)
Chemical MoOs MoO» * MoO; is the most widely used target for neutron

Formula activation currently. This study explores the use of a
MoO, target, insoluble in water, for ®Mo/®mTc

Yellowish- | Black or dark

Appearance
orange solid | brown solid .
generator production.
1.066 g/L (18 RN L
Water o) 49000 * By irradiating porous MoO, and exploiting its water
. nsoluble TR . 3 X
Solubility {(28 °C), 2 oL solubility disparity with ®™Tc, efficient extraction
/L (70°C) can be achieved, and a low Mo/Tc Ratio is expected
Density (g/em?) 47 6.47 in this way.

802 1100

Crystal

Structure Orthorhombic

Experiment method

The porous MoO, target will be
irradiated in KUR.

Condition:

Time: 20 min

Power: 5 MW

Neutron flux: 3x 10'3 n/(cm?-s)

4

Irradiated sample immersed in
water to obtain the solution with
Te-99m and Mo-99.

Copyright protected image

Figure 3 The schematic diagram of manufacturing porous
MoO, target flow chart

Pellet

Table 2 Size of the obtained pellet

@ (mm) ' 8 (mm)?

Pellet 7.0

'2 Diameter and thickness

Porous MoO, pellet

Figure 4 Porous MoO; pellet was produced

Result of XRD

Copyright protected image

Figure 5 The characterization of XRD for MoO, porous pellet
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Results of SEM

Copyright protected image

Figure 6 This is the microscopic image of the pellet observed in SEM before and after pores formation:
(a) Pellet before elution at 30 magnifications; (b) Pellet after elution at 30 magnifications;

Irradiation

Copyright protected image

W

)

Figure 7 y-ray spectrum of the irradiated solution sample by HPGe-detector.

Water extraction

After irradiation, the MoO2 is placed in
a chromatography column with a 1:50

volume ratio of water.

Copyright protected image After 2 hours of contact, the liquid is

collected and subjected to gamma
spectroscopy using an H-Ge detector to
measure the peaks corresponding to Mo

and Tc isotopes.

Figure 8 The schematic diagram of water extraction 9

Table 3 Activity results from HPGe-detector of
solution and solid samples, and the extraction
ratio in percent of Tc-99m and Mo-99

Copyright protected image

4

Table 4 Mass concentration of MoO, in
solution by measurement of ICP-MS

Copyright protected image

low Mo/Tc Ratio

Conclusion

« Innovative Method: Developed a novel ®Mo/*"Tc generator production method using the (n,y)

reaction, representing a significant advancement in nuclear medicine.

Water Extraction: Based on water extraction of *™Tc from irradiated porous MoO, target,

ensuring a reliable and efficient source of the important ®™Tc radioisotope.

Low Mo/Tc Ratio: Achieved a low Mo/Tc ratio, minimizing **Mo impurities in the final *™Tc
eluate. It emphasizes the practicability of utilizing the low-specific Tc-99m generated through

the (n, y) method.

Thank you for listening
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Self-introduction

# ###F (HU XIANGRONG) D2
RERMHFARE BHCEHARE SHAZtEER)
Graduated from University of South China(F#X%)

My Undergraduate Atomic Energy Education

University Background: Graduated from South China University, a pioneer in nuclear
education since its inception in 1959.

Evolution: The institution has transformed into a leading center offering undergraduate
programs in Nuclear Engineering & Technology, Radiation Protection & Nuclear Safety,
Nuclear Chemical Engineering, and Nuclear Fuel Engineering & Nuclear Materials.

Coursework: Explored foundational subjects such as Nuclear Fuel Cycle, Radiochemistry,
and Nuclear Medicine...

Focused on topics intricately linked to actinide elements and radiochemistry, establishing a
profound connection to Nuclear sciences. Engaged in numerous student experiments, directly
aligned with nuclear chemistry and nuclear detection, enhancing practical knowledge.
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Q ° Your samples are different from MoO,. I think MoO, is M0O,,, or MoO,_,.

A . Yes I think so.

Q © MoO,_, and MoO;_, has similar XRD peak with MoO,. Why do you think your sample is

MoO,? How do you confirm that your sample is MoO,?

A : MoO, was made under Ar gas. My sample ° s color was black. So, I think MoO,.

Q : Concerning the slide number 9: Tc was rinsed by water. Is it right? Produced Tc was

extracted by water?

A © Tc-99m was extraction Tc-99m by water.
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Fig. 4.7: RURBIR L/ ERR Ml i Fig. 48: Sk Ak 2

Fig. 4.9: RETEIR  F B
Fig. 4.10: 7 b v 7 2 3R #2

Fig. 4.11: BALREM HDE —&R
Fig. 4.12: JIORSEEFET.  ffl FH
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Fig. 4.13: JAEA Jeifiifft  #F 4R{E Fig. 4.14: NFD 7% #i4

Fig. 4.15: 5OREOW B k& Fig. 4.16: JABA VIR JRAR 3%

Fig. 4.17: JAEA Jcimbft 58 5 Fig. 4.18: BEER Il 27
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