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MpuHumn ABJIMC meTopa

ALIS — Atomic Vapor Laser Isotope Separation
ABJIC — aTtoMHbIN BapuaHT nasepHOM N30TOMHOM cenapauunm

[TOTOK ncnapeHHbIX aToMoB
eseicrit npoxoauT Yepes obnacTtb
"0 Tonkzation nasepHoro nUsny4venusa, rae
S NPOUCXOAUT CeneKkTUBHas
As (pOTOMOHM3ALMSA aTOMOB.
®dotomoHbl Nd-150 BbITArMBatoTc
ﬂ aNeKTPUYECKUM Monem Ha

KONNEKTOp NpoayKTa, B TO BPEMS
iy g Kak aTOMbl OPYrnX N30TOMOB,

Ty — OCTaBasACb HeNTpanbHbIMU
M NPOLOMKaIoT CBOW MyTb MO

. @
Evaporation
into vacuum

NPSAMON Ha KOSINEeKTop oTeana.

[MpenmyuiecTBa
1. YHumBepcanbHOCTb. He TpebyeT nety4nx coegmHeHnn
2. [lo3BonseTr CKOHUEHTpMpOBaThL pecypchbl Ha BblAeneHnn OgHOro n3ortona



copper
vapor laser
complex

Cxema ABJIMC ycTaHOBKH

optical multipass

separator chamber

waste collector

system
| product |
COIIUULUI }
100W collimator
25ns
10kHz evaporator
dye laser control mass-spectrorpgl\tﬂer chamber
complex
Al ] atomic beam %adrup | mass
Avb=100MHz spectrometer
300W A2 |
W
30ns 25ns
10kHz A3 - 10kHz ﬂ
M -

|.S.Grigoriev, A.B.Diachkov, S.K.Kovalevich, et al "AVLIS of neodymium", Proc.
SPIE Vol.5121, p.406-410 (2003).



Ocob6eHHocT ABJINC TexHonorumn ana Nd

- Neodimium
Product

collectorsse<__

\sls/e/

JJIEKTPOHHO JIY4€BOH UCIIAPHETIIb

TepMuuyecku uCHAPUTEb

Ucnapenme T  ~ 3000 K Ucnapenne T ~ 1900 K
W3oTonuueckuit casur  ~ 10 GHz WU3oTtonuyeckun coBur  ~ 1.1 GHz
Oonneposckoe ywmpenue ~ 1.5 GHz fonnepoBckoe ywupeHue ~ 1.2 GHz

[ToTpeboBanacbk paspaboTka

1) Y3kononocHoro ogHOMOAOBOro rfiasepa Ha kpacutensx Av ~100 MHz
2) Tepmuyeckoro ncnapmurtensa Metanndeckoro Heoguma c Konnmmaumen
aTOMHOIO NOTOKa.



Pa3paboTka ogHOMOJOBOro fiasepa Ha KpacuTensx

Tenepauna Ha 56 mozax (Ave.z=2+31Twu)

MHOroMo10BBIH IeHEePATOP Jia3epa Ha KpacuTeJie
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Cxema poToOMoHU3aUMUN Heoanma
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Quantum Electronics, 35(10), 879-890 (2005)

Photoion current, arb. units.

Laser radiation average power density, Wi/sm?.

DKcrepuMeHTalbHas 3aBUCUMOCTh (poTtormonHoro Toka Nd-150 ot cpemHeli MIOTHOCTH MOIITHOCTH
JIa3€PHOTO M3IIy4EeHHUs TPEThEH CTyneHn A, =6405 A. CpenHss mIOTHOCTH MOIIHOCTH TIEPBOIA A, = 596§ An
BTOpOii A, = 5794 A cryneneii pasust 3,8 Br/cm? u 6 Br/cM2 cOOTBETCTBEHHO.



, Nd-150, %

photo

C

BrivaHue gonnnepoBCKOro yuimpeHus

——C,, Nd-150, calculation A, =1,6%10°(1/s)
— CphmONd-ISO, calculation A_ =0,6*1 05(1/ s)
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Amplifiers of Copper Vapor Dye laser system.

Laser (CVL) system. Spectral half width 100MHz,

Total average power 300W. total average power 100W

Pulse duration 30ns, repetition
rate 10kHz.



Separator for AVLIS of the Rear Earth elements. 9



HapaboTtka Nd150

Pe3synbraThl usMmepeHuit obpazma Nd Ne 424 ot 11.07.2007,
npencrasieHHbix Kosanesuuem C.K.

KoHueHTpauus M30TONOB, % aTOMH.
7
oot 142 143 144 145 146 148 151 -
Ne
obpasua
424 8,4:0%| 4,2t00  84%00] 34ton] 83%e| 7,4%0f 59701
/
Hauansuuk aboparopumu: 5 . AL babuues
Hcnonnutens: 02 M.A. Bypnak

Macca obpasua - 1r
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Experimental Separation Cell Nd Enrichment Facility

Length 0.3 m Length 10 m (30 cells)
Evaporation Rate 120 g/day | Evaporation Rate 6 kg/day
Productivity 1 g/day Productivity 30 kg/year
Product Concentration 60 % Product Concentration 60 %

CVL Average Power 300 W CVL Average Power 1000 W

Dye Average power 100 W Dye Average power 300 W
11




Rough estimations of the time and budget necessary to produce ~100kg of Nd-150, ~60%

Separator Lasers Documents Total
2010 | Separator Unit PD-SSL Test Technical — Economic | 700 k$
Design 300 k$ Calculation
200 k$ 200 k$
2011 | Separator Unit Laser System Technical Project 2100 k$
Construction & Design 1500 k$
Test 300 k$
200 k$
2012 | Separator Laser System 2000 k$
Production & Construction
Assembling 1000 k$
1000 k$
2013 Production of 30 kg 1500 k$
2014 Production of 30 kg 1500 k$
2015 Production of 30 kg 1500 k$
9300 k%z




PaspaboTka cenapartopa

Typ60oMOneKy s pHblif 3aTBOp
Cucutema "
Hacoc BbICOKOBAKYYMHbIN
Kamepa OTKPbIBaHUSA |
| ‘
cenapaTopa [aBepu oo m |
| 3awmTa ‘
| \
o
’*’IL*’
304 )
N
/ o o)
| Cronka —
$ Kamepbl
-

5000
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Co3gaHune cenapartopa

- BO3MOXHOCTb CTbIKOBKM MOAynen B
LIEMOYKY.

- Bo3MoOXHOCTb HenpepbiBHOM
paboThbl.

- YnobcTeo paboTthl n 06CnyXnuBaHusd
Kamepbl.

- [lpnmeHeHa coBpeMeHHasa cuctema
De3mMacnaHON OTKa4KMW.

YcTtaHOBKa ANA UCMNbITaHUA MoAayIA

cenapartopa
- Yucno mooynen — 2-3 WT
- Yucno a4veek — 4-6 WT

- [lponsBoguTenbHOCTb - 4-6 r/cyTKn




Photoion current, arb. units.
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Laser radiation average power density, Wi/sm?.



[TpuMeHeHne pa3paboTok AN pasaeneHnst U30TonoB APYrMX aNeMeHTOB

Energy. om’” Lu175 Lu 176 Lul77 Lul77m
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57824

PaspaboTka nasepHoro ABJIMC komnnekca anga BblaeneHus

nsotona °°Nd n pagnoHyknnaos 1/’Lu n 53Ni.

b
T4 3 e
s 2
O AD Y IIIM 0 AD3CIIM |
=
=
Hokaukg 57824
é 3I'1 6180064 Lug) | Y1.1 |1sB: V1.2 5Br
= Sretg | 628874 Nd (D) SRea0 | 0281 . 02Br
) Cresil V. | 644374 Ni () Cresil V. | 33Br SR640 035B1
B Cresil V. Cresil V. «
o - | &
. nakouwko 510G A a8
= I'BT -
= b
312 5350504 tu | V2.1 |o2B:
PM536 3609404 Nd 2) _ 02B1
PMS367 5464015 NiQ) PM556 1Bt
PM356
Hakauka 51084
33 | 5404164 Luq) V3.1 |oz2s: V32 |o2Br
PMS556 5972.104 Nd(3) PMSSE 1Br PMSsg | 8B
PMAOT 544216X N (3) PMSOT 2Br PMAOT 6 Br
PMSE56 PM356 PMSE56

Nd Lu Ni
6289.74 A 5404.16 A 322258 A
1 cTynenp
0.06 Bm/cm? 0.01 Bm/cm? | 0.08 Bm/cm?
5609.40 A 5350.59 A 5464.01 A
2 CTyIIeHb
0.06 Bm/cm? 0.01 Bm/cm? | 0.02 Bm/cm?
5972.1 A 6180.06 A 5442.16 A
3 cTyneHb
6 Bm/cm? 2 Bm/cm? 5 Bm/cm?
K cenaparﬂomy
KOMHJ’IeKcy
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BbiBOAObI

1) Cosgana TexHosnorus nasepHoro ABJINC pasgeneHust n3oTonos Heoanma
NPUMEHNTENBHO K 3ada4e BblaeneHus naotona 1°°Nd 13 npupogHom cmecu
ans noucka ABoMHOro 6e3HeNTPUHHOro 6eta pacnaga U Maccbl HEUTPUHO

2) Pa3paboTaH 1 cripoekTupoBaH MOAYrb cenapartopa NpoMbILLEHHON
ycTaHoBKM, cnocobHown rnpounssectn 100 kr oboraweHHOro Heogmma.

3) 3aBepLuaeTcs co3gaHue ycTtaHOBKU ANs UCMbITaHUA Moayna cenapaTopa
NPOMbILLIIEHHON YCTAaHOBKWU, COCTOSALLEN U3 OBYX MOAYINEN.

[MpounssoanTenbHocTb ycTaHoBkM 200 -2000 r oboralleHHOro Heoanma B rog.

4) Pa3spaboTka TeXHONOrMu pasgesieHnst 30TOoMNoB Heoanma rno3sonuna
pacwunpntb Bo3MoXXHOCTU ABJIMC mMeToga 4o pelueHnsa apyrnx npakTU4ecku
Ba)XKHbIX 3ada4 — BblaeneHne paguoHyknmaa /Lu ans megmuunHbl 1
paguoHyknuaa 63Ni 4ns aBTOHOMHbIX UICTOYHUKOB MUTaHUS.

18



Neodymium selectivity

Atomic Beam, 4° divergence, AVD = 100 MHz
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4 O P2(5795)=3,2Bt/cMm2, P3(6406)=41W/cm2
— First step average intensity is varied

4 © PI1(5967)=3,7W/cm2, P3(6406)=41W/cm2
— Second step average intensity 1s varied
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MS Guage Neodymium Photoionization Scheme
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Third step laser average intensity W/ cm? Quantum Electronics, 35(10), 879-838 (2005)

Average intensity of the first step laser -1.7 W/cm?, second step laser -1.5 W/cm?2.
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OPLEHA JEHWHA MHCTUTYT ATOMHOM SHEPTMH wm.J.B.KYPUATOBA
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METOIN PA3JENENUA H30TONOB, OCHORAHHHE

HA CEJIEKTHBHOM $0TOBO3EY &1 EHIH

HAYATBHUK CEKTOPA CMOPOAKHCKHMI 4.4.

HCIIOJIHATE.H KYILPUH J.00.

HOBAKOB B.M.
DIMHKVH B.J.

MN3oron | HawanvHas |Konuentpamusi| CeneKTUBHOCTh WU
KOHUEHTpALUsS| B IMPOAYKTE | IPOU3BOAUTEIBHOCTD B
I/CYTKH
6Li 7.5% 99.95% 24000
Li 92.5% 99.8% 40
5Li, 7.5% 53% 14
Li, 92.5% 97.7% 24
42Ca 0.65% 97.3% 5500
4Ca 2.09% 96.7% 1400
48Ca 0.19% 91.2% 5590
150Nd 5.6% 99% 1670
150Nd 5.6% 67% 1 2/cymxu
144Sm 3.09% 91.5% 280
148S5m 11.3% 94.8% 144
152Sm 26.7% 97.1% 120
154Sm 21.7% 98.7% 260
156Gd 50% 95% 20
160Gd 50% 96% 20
178 uy 2.59% 94.5% 650
176_u 2.59% 65% 0.12 2/cymku
63N 1% 93% 1200




Atomic Beam Atomic Flux

2° collimation half angle, 30° -60° collimation half angle,
AVD=100 MHz AVD ~ 400 — 1000 MHz
Low density, now collisions Significant density, atom collisions

Very low flux and productivity | High flux and significant
productivity, but ...

Deselecting Processes

.

Doppler broadening

Scattering of atoms in

operation volume
22



Scattering of Atoms
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Enrichment Facility Development

Stepl. Separator Unit Design.

Step2. Separator Unit Construction and Test.
Step3. Separator Units Production and Assembling.
Step4. Enriched Neodymium Production

MO 638.0 nm
MO 640.5 nm Amp. —=
Nd YAG —Conv.1
ETNA HP Nd:YAG, 150W at 532 nm.
Nd YAG Conv.1— A candidate?
MO 596.6 nm Amp. —=

MO 579.4 nm 24




