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48Ca enrichment

e Natural abundance

— 0.187%

— Enriched isotope

— expensive

(elemag. s ator;

M%
~10g X 2 (in the
world)

—N0 gaseous
compounds

at room temp.
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Elements separated into isotopes with gas centrifuges - O

A.l.Karchevski

BB isotopes; 48Ca, °°Zr, 1°0Nd etc.




Technologies for isotope production

for Ca
Separation technology Field of use Gl il Cost
per year
Electromagnetic (mass-spectroscop TR, tens of high
effect) grams
C“e"_“!‘:ﬂ'_& D ° 2 1light elements tons low
(rectification, chem. exchange etc)\
: . elements forming gas thousands of :
Gas diffusion ) ¢ compounds P middle
Gas centrifuge x elements forming gas thousands of low
compounds tons
. . elements having isotope - :
Laser (optical) separation A shift of spectrum lines kilograms middle
Plasma |on-c:yc:_lotron effect A universal h_undreds of middle
(under developing — the USA, Russia) kilograms

Find a cost-effective & efficient way of enrichment!!!




Unigue Property of Crown Ether
Complexing ofcations(anionshy neutral
molecules is an uncommon phenomenon.

Stability is ~10 X no-ring(crown)

h . .
—rown =ner 5 *Held by electrostatic attraction
between negatively charged O  of
—0- -0—C the C-O dipoles & cation (Ca 2%)
* How well the cation fits into the
C\ crown ring
- - e Liquid(ag-salt)-liquid(org-crown
c—c{c_c o quid(ag-salt)-liquid(org )
Dicyclohexano extraction in isotopic equilibrium
18-crown-6
DC18CE » Total # of atoms in the ring

> # of oxygen atoms in the ri



‘ Ca Isotope effects ~ Separation Principle ‘

0Ca2*(ag)+%8Cal 2*

CaCl, aqueous
ihase “BCa

40Ca O0/M

Crown-chloroform organic

48Ca2+(aq)+40Ca|_ 2+( g -
DC18C6: Aldrich Chemic/a it
CHCl;:Nakarail Tesque, 99.0%
CaCl:Nakaral Tesque, 95.0% TT iL
Solvent Extraction process \,
1.vacant extraction to reduce [ImpL
2.mixed & stirred for 1 hour

3. standing for 1 hour @C>

4. LLE iterated 6 times agnetic Stirrer
B.E.Jepson&R.Dewitt, J. Inorg.nucl.Chem38(1976)1175




Themean square ¢ + |
Nuclear chargeradius S 0. - / atedﬂgom
e fr :

of Ca p4 Cal L t A0 C?O
Two doubly magic isotopes;, | ._. o

A parabolic behavior /t T
L.Vermeeren et al., e

J.Phys.G,22(1996)1517

Ca 40Ca | 42Ca | ¥Ca | “Ca | 4Ca | “8Ca
Isotope

abunda| 96.9 | 0.65 | 0.135| 2.09 | 0.004 | 0.187
nce (%)




Major background molecular ions formed from the Ar
Plasma, nebulized water and dissolved/contained air
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“How to measure 4°Ca

1. TIMS(TRITON Thermo Electron)
NoO-Ar Only four TRITONSs in Japan

2. Reaction(collision)-cell ICPMS

Perkin ElImer ELAN-DRCIlI@Kochi Univ.

Q inside reaction-cell allows use of ammonia

-> can avoid interference of Ar by reaction-gas
Simple collision-cell must use simple gas(H,, He) to limit

adverse side reaction
40””

_ products

Art + NH,
NH, Reduce Art—->10° >103

SNH,* + Ar




ionization potential / eV
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S.D. Tanner et al. / Spectrochimica Acta Part B 57 (2002) 1361-1452

Art=15.76 eV
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— Charge transfer is allowed
A= /z
Ca+=6.11eV ﬁ for Ar+, but disallowed for Ca+

Ca(6.11eV)<NH3(10.16eV)<Ar(15.76eV)




40Ca?®Ca are doubly magi2 A parabolic behavior
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Optical Isotope Shifts 1
K.Helig&K.Steudel,Atom.Data Nuci.
Data Tables 14(1974)613 — -04
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This is crucial asset to realiz&a enrichment (frorfPCa)
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Table 1: Summary of previously

nrichment.

achieved(measured:known)
& LLC(liguid-liquid chromatography),
CO m p ar I SO hl(\clo hexyl  18-crown-6), HDEHP(di(2-ethylhexyl)
cid), SLC(solid-liquid-chromatography), LIS(laser isotope separation),

MC‘IRI(MaEneuc Cyclotron Ion Resonance of Isotopes)

calcium
DC18C6((polyether)

orthophosphoric

separation factor process ref.(manufacturer)
1'0020 101210005 {ﬁib\ LLC(D( Q(‘G_\I Osgala Rl-center and WER(C
1.0028 1.01420.006 (o)  LLC(DCI8CH) Osaka Rl-center and WERC
1.0010 1.0080£0.0016" (aj;)  LLC(DC18CG6) [1]
1.0007 1.0029-+0.0006 (ag}) LLC(HDEHP) 2]

1.00130.0003
1.000043~1.000034
1.00026 (alf)

1.00021 (at})
1.0008740.00008 (al)
1.0041+0.0004 (at})
1.00013~1.00087*
1.00016~1.00037 ()
1.00018 (a%)
1.00049~1.00013 (il
1.003940.0002 (atd)
1.002540.0003 (ath)
1.00011£0.00003 (atd)
1.0035+0.0003 (at})
1.0045~1.0104(a%3)§

LLC(amalgam(Hg))
SLC(ion-exchange)
SLC(ion-exchange)
SLC(ion-exchange)
SLC(ion-exchange)
SLC(ion-exchange)
SLC(ion-exchange)
SLC(ion-exchange)
SLC(ion-exchange)
SLC(ion-exchange)18C6
SLC(cyptand2p.2.2)
SLC(18C6)
SLC(iminodiacetate)
SLC(18C6+dimethylsulfoxide)
SLC(cryptand2p.2.2)
LIS(LLNL)

MCIRI

carbonate or oxide

1.0010

1.0010
1.0006

1.0009
1.0006~1.0013
20%
65.3~95.7%

:G IE‘HID(DO“ ex)
[7INH a-hydroxyisobutyrate& (Dowex)
8] iminodiacetatedresin(ANKB-50)
9](TIT)resin(PK-1),Counter-Current
'10](Sophia) resin(Asahi LS-6)
[11]resin(AG50WX4)

1 'Né&d to verify by

[13]

13 pre(:lseTI MS &

14

esMareiterate LLE

m\ el

a few $/mg(® I; fOl

bkg/day—10g/day (0 TK$/g)* [17]
TRACE Science Int. [18]

chemical diffusion?

6%% (ad3)

[19]

~800 Iterationo.ss«

0.18~ 2.0%

f 0. 185‘7[; —10% for 1kg/vr by Counter current distribution method.

T —0.226%" after 5 weeks, yvielding 144mg of the enriched calcium(1.4g/vyr).
6 Ina plnhmlnan experiment, they could isolate 30mg of calcium in which

18 Ca was enriched by 3.3 % at 0°C from 210mg of natural abundant calcium.

* This corresponds to 3.7kg/yr(0.7M /kg). Current cost of product at “elec-
tromagnetic” (aka calutrons at ORNL) separation ~200K$/g(¥200M /kg) .



Prospect for Mass production

Column chromatography
using crown ether resins

LLE by Microchannel/reactor

 Fast & Highest
conversion synthesis

* Agueous-organic multi-

phase flow
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Slow & low conversion

Ca solution: Analyte(mobile phase)
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Fig. 1 Photographs showing glass microchip and liquid-liquid interface
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formed inside the microchannel.

Conversion (%)

Macroscale reaction

acro)10cm cube
S/V~0.6/cm

250um wide,100pum deep,
¢2SUum and 3cm length

S/VV~80/cm
No-stirring,Fast!!

Microscale reaction

mSN :1cm AS/V : 1 cm.‘l ®S/V:40 — O S/ :80 — _
Org. bt 7 Without
C:j:u Without stirring u Weak stirring |__‘ Strong stirring Aqa=ma /—/ Stirring
—
0 < o »0

80l s * * . N >0
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Fig. 3 Reaction conditions and results obtained with phase transfer diazocoupling reaction under microscale and macroscale conditions.
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World’s 1 st 30 ton/yr production Microchip Chemical Plant

TOSOH

The Chemistry
of Innovation

[ Enlarged view]

Inlet 1

(Drgamc phase) Y —junction

Inlet 2 Outlet
(Water phase) (Qil-in-Water droplets) —

hips block with piled up
lar microchips

Fig.7 The circular microchip having
100 Y-junction microchannel.
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phase reservoir / 3000 microchannels (10 blocks )

o

1,500(W) x800(D) X 1,400(H)mm

Fig.11 Constitution of the prototype sysem.

Fig.8 The uniform liquid flow method to the microchip. 80 u gel part|C|eS



Summary

 The preliminary largest separation factor of
Ca by LLE using DC18C6 is suggested.This
still needs to be checked by TIMS, temp.&

concentration dependence.

 We evaluated each contribution ratio of the
field shift/hyperfine splitting shift effect to the
mass effect of Ca for the 1st time.

The contributon of the field shift effect is
small, especially for °°Ca-48Ca, compared
with Cr.

e These indications are promissing towards the
mass production of enriched “8Ca by the
chemical separation method with the help of
resins and/or microchannel chip.

Many Thanks to Prof. Fujii, Y. Sakuma, M. Tanimizu, M. Tokeshi & Y. Shibahara



