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A Consideration on Laser Enrichment Module

Module Characteristics from the Viewpoint of

Energy Consumption

Department of Fuels and Materials Research,
Tokai Research Establishment, JAERI

(Received August 4, 1983)

Several problems are discussed for designing a simplified
enrichment module based on Atomic Laser Isctope Separation
Methaod ,‘which invelve the vaporization of metal ,
laser excitation,laser iconization and ion recovery.
The conditions at which the consumed energy has the minimum value
are obtained by calculating the specific energy consumption for
precducing unit amount of enriched products.It is found that
there should be an appropriate relationship between the processing
atomic density and the electrode gap in order tc avoid the enrichment
loss caused by the charge exchange during the ion recovery.
Moreover it is alsc found that this relation depends on the
electrode length measured along both the atomic beam direction

and the laser beam direction
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Electron Gun
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Table 1 Seleection of Module Parameters
INDEPENDENT ‘ DEPENDENT
NED VALUE
VARIABLES ~ PIMBOLS | DEFINED VALUES VARIABLES
ATOMIC DENSTTY
HEARTH T | - DEPOSITION OF
TEMPERATURE NATURAL ATOMS
m“é . L 1 m(Max.) ATOMIC BEAM
HEALE%-II VELOCITY
B 1 cm FEEDING
- WIDIH 0 .
= _ SPEED
£ ELECTRON GUN
= POWER CONSUMPTION
BEAM
RADIUS d 1 POWER DENSITY
PEAK PUWER P, 1 MY(Max.) AVERAGE POWER
REPETT1TON
RALE R 20 XHz(Max.)
=~ PULSE | ______
= WIDTH T
p
o
= | LINE WIDTH A\)L (DOPPLER WIDTH) POWER DENSITY
PEAK POWER P, 10 MW(Max.) POWER DENSITY
o _
S| PULSE WIDTH T, T AVERAGE POWER
&
EXCITATION 14 2
CROSS SECTION | U 10 ©" am ION' ENRICHMENT
EXCITATION )
N T T, 250 nsec ION RECOVERY RATE
TONTZATION 17 2 R CROUPS
e SECTION o 2x10°"7 em NUMBER OF LASER GROUP
EXCITATION 3000 & EXCITER POWER CONSUMPT
WAVELENGTH Xe 3000 A 0 TON
e IONIZATION .
= L e i 6000 A NUMBER CF EXCITERS
SO NMBER OF | o | ... IONIZER POWER .
EZ) CHANNELS NC O PO COMSUMP 1T TON
S | NIMBER OF
5 PATHS Ny | e NUMBER OF IONIZERS
5 | NMBER OF M
o PULSES P
APPLIED | = | ...
VOLIAGE E PRODUCT ASSAY
APPLIED
MAGNETIC FIELL By 500 GAUSS YIELD
> ELECTRODE | o | ... ... TAIL ASSAY
= WIDTH Bg
= ELECI'RODE
< LENGTH o s
]
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Fig.l Cross sectional view of module
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Fig.2 Excitation scheme
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B PELNLEYS VEFOF LB ERLTHES . 77 YEHE 8T (). fi A
1132 °C, @imE#h 2.03 kcal  mol, #BLE3818°C, ERM 110.9 kcal,  mol ,lL# 0.028 cal,”
g=°C Q0°CHHA2HETHY, 1I800°CLUETHEANFIIE LA TOYEZBHEIETLE
FEVPHRT VD, BINCLEEL SRS S LT, BiE &iE EOEE, K
B, MR, BB EE, B, BRES BREOKEL ST LN L.
EECHOOUTREROEAGBEERES S - TLAD0TRETKICBS 2FEE. 0 L9 5L,

=gl lsa (T-TH } (1)
Lind, T

0, = 18.7 g cm’ ; T*Jcisb’/;}%‘ff‘f

T =¥ (293K)

a =3.3x107k; BMEBERK
Thd, BIELDOTHLERORROMNAIETHO, Lﬁfpfwawg&ﬁ,f:M%K
i Ev. icEEic >0 TR, BREES TK, ZKEEZP(Torr) &4 5L,

log,, P = 343%§§9-+-8.583 (1630 ~1970K) (9)

mng:=:3¥§9—+11304—301ong(1970K~J (3)

LiENE. FREDEAHI0 0.1, 1 Torr #RTEERE L 2204, 2366, 2610 KTh
D, WEEARETA-DRENED DEEEBEE 5 & 005, BERENP(Torr),
BETIKOE &,

P 273 6.02%x10% _ 18 P 3
Ns =75 =7 ssa05~  — 965 X 107 & (5 em’) (4}

LitE, Tk EDEHEED,
2«T ' (5)

. Tm

Thdirn, 7797 ARRERBDREOT,

v o= 2

b = Ngv (6)

FTRENE, BERCHT AN LOMEEEFig. 3t li. RCAGZEEOEBERKFH G
Wiedemann — Franz i L O /R E 415,
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k (W cmesec:°C) ; EZHE
o=t {1 (T—T) )
oy = 2.5%10"° Q-cm; HIEHR
B=25x10",°C; BHOEEFE
T = 263K

ThbH, HEFHETHET IREHEx, i,

2

. . :
Ty P sxa0TT e ®

wkbhkbohsd, CTig,
P (Torr) ; &4

%= 80
T = 34
V.= 6.02eV
TK),; BE

THb, EEHH2000 CLU FIC EHRTHIZEBEREIGEVERERED EGEE b ATE,
HELTFRELS T2 LF —DBO b LT T L,

"L, (BERE) 0 cm’’
*K¢ 620 cm
L, 3801 cm™'
‘H;} ~ 3960 cm
K¢ ~ 4250 cm '
1) ~ 4420 cm’’
17 ~ 5750 c¢cm
°n, ~ 5920 cm
™) ~ 6250 cm |
K ~ 6930 cm '

BETHE, L0535 L) BEU K RHEOHE LT, LI ARMEOMRLETF 0L
~F-RERPABRELB A HROMES LV > TRAITH B, $HbE L2 2600 K
BETHARZOEUTTHY Lo bBIRKEE LT6000 A 2RALES, TOEER

1200 ARF b BBEEMICINE»5TH5 CK AV B BAIIE 200 ABEOFATHS).
Ly, K, DBERHT 5 EEROELEFig 4 XRT. CORPLONEL5K, 2BETFE
BMEOHRET S CLERAETHD, f-CEEHBELNOGOMONEESCEBLESFHE
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CBAF B, 2DAHCCTAL BEBEICH T 591519 ADERICE J 3 1A,

o B) #2 M7 E o, =1%x10"" cm’
o IR AE T t = 250 nsec
o ¥ Bt Wy H & o, = 2x 107" e’
RESOTHEZT : A2 x v F -—RBWHEHER, o, =1x 10 e, BEEYERE
=
o, =2.79x107" v (cmd) 9)

ELFe T vidHEERE (cmsec) TH 5B,
22 & F &

KBy FLBOTETHBCLIDBRBINIEREY 7 VIOV THI ALFEF - XEELS
&,
ETEEME T 2ovy— (W)
=v 5 VEKOBREE TORERL & v+ — (W)

+U 7 BRI ALF - (W)

+U T VEERE T A VF - (W)

+U 3 vEETINF- (W)

+U I VEKREAF - (W)

+BRAEE T A v F - (W)

+iER Y 5 vHRER T A vF - (W)

+ory FEmBGEERT A vFE - (W)

+ K EHEE T v FE— (W) 10y
EREND. MY RREANLELTAVADTEDE S NBERETEW, +W, @ —F D>
LB, T vARKOEBRBEEFSTTHYD

CVI%R: 5 cal //mol

ELTE0. ZHREEETKLETZL, BHZLF-LLT
Wy = 0.028 (cal /g+°C) x (1132°C—~15°C)
= 31.28cal /g = 0.323 (eV. ) {11
W_= 2.03 kcal /mol = 0.088 (eV,74) = (12
W, = 0.028 cal /g+°C x (T, — 1405 |

= 2,89 x 107" (T, —1405) (eV./ #) (3
W, = 110.9 keal /mol = 4.81 (eV, %) | 14
W, = C, (T,— 1405) = 2.77 x 10™ (T, — 1405 (e V") 19
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HERoNL, TRHOERRBCLELI Z VF W L,
W, = Wy +W, + W, + W, +W,
= 4.43+5.66 x 107" T (eV/#) 18
HLVEEE T v 2 A by (& em’rs) EALT,
W, = 65 (7.00x 1077+ 8.06 x 1072 T, ) (W cm’) i)
LB, RiICEREY 7 vIREDOBREHEL ¢ (=0.3), ABEEEAXTKIEL, 2577 > v
YT Y EM oy = 5.669 X 107"% joul /deg'* cm’»sec F H WV B &, EHER T RLE—W, i,
W, =W, = eo, (T —T))
= 179 x 107 (T T (W/em®) (18
b, vy RBERLOKDNIZZAANF - KELTE, FEEL0RELRDI L LY
EHBFNEFRE SO, Yy KBEROY 7 YEKRBEEZT K, vy FZREGEE% T, K, &4
RETK, KBET,K, 75 v&EUOERY 5 v OBGERKE, (keal /m’ss+ T),
Y ERNEKBERBLEUOCTRELTVW2 9 7 vOESE fim, v 7 v&@BOMEHEF %k (keal
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hm(Tw_To)
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T, = ko
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- 03
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ERNHRAGELARELT
EHOF T,

N, = 0.56 (G, P,)}"® (R4 %) 04
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p, = LTz (75 v+ LB b8
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Fig. 23 Ionized state population of high temperature atom by

two step photoionization scheme

CONDITIONS
[2= 2.6x107s -

o

[3=10‘3s
T =2m00s: :

w2= ]"'10

PRODUCT ASSAY Xp( )

0.01

1 l 1
10° 108 10’
EXCITATION PROBABILITY W(seZ')

Fig. 24 Product assay of high temperature atom obtained

through two step photoionization scheme
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ABSORPTION RATIO OF DOUBLE DIVISION
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Table 2
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Performances of Each Module Tygpe

MODULE WITH

MODULE WITHOUT COLL IMATORS

COLLIMATORS BOTH-SIDE-RECOVERY | ONE-SIDE-RECOVERY
HEARTH TEMPERATURE K| 2600 2680 2680
EXCITER POWER KW 0.86 1.92 1.92
[ONTZER POWER KW 0.08 3.07 3.07
PULSE WIDTH nsec 630 36.7 36.7
NUMBER OF CHANNELS | 8 -
NUMBER OF PULSES 8 1 1
ELECTRODE GAP mm 5 0.87 0.42
ELECTRODE LENGTH mm | 8.5 0.15 0.07
ENRICHMENT & 47 3 3 o
TAIL ASSAY ¢ 0.2 0.465 0.22
YIELD TSWU/Y 16.3 36.4 4.63
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SPECIFIC ENERGY CONSUMPTION (eV/cr?)
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