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for Ca Technologies for isotope production
Find a cost-effective & efficient way of enrichment!!!

Separation technology Field of use Pgﬁ‘;f:;” Cost
Electromagnetic (mass-spectroscop universal tens of hiah
effect) grams 9
Chemical & phys. processes ° ° 1 light elements tons low
(rectification, chem. exchange etc)\ —_

: . elements forming gas thousands of :
Gas diffusion X compounds tons middle
Gas centrifuge X Ef::::i::mmg gas :gz:sands of low
Laser (optical) separation A Z:ﬁﬁi?t:pgiﬂ:%'ﬁz;pe Kilograms middle
Plasma ion-cyclotron effect A universal hundreds of middle
(under developing — the USA, Russia) kilograms

eLiquid centrifuge? (mobility/viscosity with CacCl, solution & almina)
¢Gel electrophoresis (CaCl, & HCI)

el_aser separation R&D (with Prof. Niki@Fukui Univ.)



C rTOwn Et h er Benzo or Di-benzo

or
Liquid Soild Resin | Di-cyclo or bare-18C6
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Dicyclohexano eHeld by electrostatic attraction between
18-crown-6 negatively charged O of the C-O dipoles &

cation (Ca®*)

DC18C

Total # of ator*; In the ring eLiquid(ag-salt)-liquid(org-crown)/solid(resin)
# of oxygen atoms in the ring| extraction in isotopic equilibrium

eHow well the cation fits into the crown ring
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Prospect for Mass production

Liq./Liq. Extraction

LLE by Microchannel/reactor

e Fast & Highest conversion
synthesis

* Aqueous-organic multi-phase
flow & process amount

/“OCa2+(aq)+48CaL2+(o rg}

Solid/Lig.

Column chromatography using
crown ether resins

*Ca*(aq)+*°CaL*(org)

CacCl, aqueous,

phase Ca

40Ca1
Crown-chloroform
organic

* Multi-stage process
e Slow & low conversion

Ca solution: Analyte(mobile phase)

—> [

Packed column
SuperLigihg  (stationary phase)

Figure 1

4,4'(5")-di-t-butylcyclohexano
18-crown-6
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Diluent: 1-octanol




‘ Batch (Macroscale reaction) Liq./Liq. etraction ‘

Solvent Extraction process
1.vacart, > *9at~ *~ “educe impd.
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eCa content for each LLE by ICP-OES
e|sotope ratio(g) by Reac.-ICP or TIMS

agnetlc tirrer

B.E.Jepson&R.Dewitt, J. Inorg.nucl.Chem38(1976)1175 & R. Hazama et al., arXiv:0710.3840



Major background molecular ions formed from the Ar
Plasma, nebulized water and dissolved/contained air.

Mass Molecular ion isotopic ratio(%) required resolution
|
m/Z: 12C1602+[\
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“How to measure “°Ca?

1. TIMS(TRITON Thermo Electron)
NO-Ar Only four TRITONSs in Japan

2. Reaction(collision)-cell ICPMS
Perkin EImer ELAN-DRCII@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

Art W products
Ca* NH3+ g Art + NH,
>NH,* + Ar

Reduce Arr->10° >103

NH,



Solid / | Increase Ca content = ¢ doesn’t change
/218 A-type FH-type
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Concentration of HCI (mol/dm?)

2 -3.5788 -3.3716

I Fig. 4. Distribution coefficient of calcium between benzo- 18-crown-6 resin

and HCI aqueous solution.
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Microreactor’s features (o;’; 2\
N—t O)

. o
Advantages S

cryptand[2.2 2]

(1) multi-phase flow—>ideal reaction/extraction field
(2) Large interfacial area=>>10%xstirring high conv.

(3)short diffusion distance=>fast reaction speed

(4)small heat capacity=> uniform/fast temp.control
(5)small flow output—=>toxic manage-fast heating
(6) piling-up technology—=>easy to scale-up

Disadvantage =2>small output/1 chip=> piling-up
(1)cheap microreactor = plastic vs. glass
(2) piling-up technology & stable flow technology



Lig./Lig. extracion =2 two keywords

a)
Gpecific Interfacial area )
(surface to volume ratio:S/V)
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\ Specific interface area and diffusion time dependence

on the microchannel width



250um wide,100um deep,
and 3cm length
S/V~80/cm-t T~63sec

<Y Brg
v’ 18 250um

Glass
Confluence point Down stream

Fig. 1 Photographs showing glass microchip and liquid—liquid interface _ctirri |
formed inside the microchannel. NO Stl rrl ng y FaSt -

Macroscale reaction

Microscale reaction
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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 15t 30 ton/yr production Microchip Chemical Plant

TOSOH
[ E]]]arged Wl-'iew'] of Innavation
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The microreactor part

1,500(W) X 800(D) %X 1,400(H)mm

phss regaver| j/ 3000 microchannels(10 blocks)

Fig.11 Constitution of the prototype sysem.

Fig.8 The uniform liquid flow method to the microchip. 80“ gel partiCIQS



