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Fig. 1. Schematic of the atomic vapor laser isotope

separation process.

http://wulizb.iphy.ac.cn

182801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180919
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 18 (2018) 182801

H AT B0 5 SLie i Fe 45 SRR B, &1 5l
I R v i 2 R R B B 1 51 R (5] H
) 51 R 51 IR B A 5] L 5 N A RE )
7 AR B SR, XS R R LR S A 0 XY
FLF 0 P DA R P IR BT A s | H R A
{5 2870 B0 5] AR AR o oz AL D250 A ) A7
A T 5 AR H b R AL 2 R 5 1) B SR A e 72 0
T DA R 85— 1 MR 3 T A e e S A0z (4= 161 2%
FESEBR B8 1 51 R R v 7R AR FE O R <
T 77 P AR B TAR, RE, SEBRIES T 5 s
062 B 7 E AR E O AY, AU BUEAN R
Gref Ay 0% G A v, T ELSS I B 5] R
RS e SCBE S B (N 55 8 1AW 46 2 B A R 1T
S5) T AR L /N, O TR TR BRI, [ P AR T
FOHETTUG KA L B AR BOE B B ARUE 5 2
125 < JaR 2R U T 1R A A T AR RARE S B B
FRROE G S5 B TR BEAT 1 5] R A AR
SLIGRF AT, HLdn, Matsui %5 7SR F HUBHE & %6 55
F4£ (inductively coupled plasma, ICP) Bl
BB TARYE, SRR (Xe) 1B TAEN A, fEESS
JiE g 4 x 1074 Torr (Z1°45.3 x 1072 Pa) it
DX H, U P AN FE 43 70 R T—12 eV AT (0.2—1.4)
x 1010 em 2 B TUREE B 8 0 5 x 1073 T )
FAET, WHIC T SRS T B T 51 H R
SCHR [18] SR I o I 2 U 79, AR B8 i T it
1 Pa (260 T4 T T HCHEAE 105107 em ™
e N ) A R I PO L S N e N D
BRRAE AR AT SR A L B8 R AT A s T SRR (8, 19] W)
KA B (Ba) 82U IE A T )85
BTAR, BT A RS TR T R BROLAS DR
Ry B A, G P R A T BLAIC (5 B TR
PIETF 107 em—3).

AR SR PRS0 T 2% v s 52 YA R 4 1
PRI AIR, BEAL TR T 5] RN S S & -2015
(ion extraction simulation experimental platform-
2015, IEX—2015), 3453 7 CAUE T AR E O 4
LR TRGHRIR, TR T T2 W S5 e TR SR
ZHI “RlEAE - 5 AR LKA B ) T SRR A,
TP 1 A5 B 5 VR b it R VE O SEI60 I B. 7E S il
b, AT T E TS R R R SERR AT T, AT T
AN 55 B TR Z B0 5 1 S 8O0 T 51 YRR Y
MR, B0IE 1 iZSER-F 6 1T RUE 1 51 4y
PEWFFLR I AT 1, e R AU B T 5] g AR

ML DL R FRHT IR B 1 51 7L B 1 R4
M. ASCE S OB 7 91 1 seds -1 & i
T RS | 32 B R0 oy A S AR 5 4 DA S S5 8 7 A B
AR P T R M B R A O B S R S
CWOTEMC W RS R, 70 g IS8 1 1A
JRF PR S8 I B 25 AR DL R AR S HCT & T 5
HRRIE; B, g ASCHIE UG 2 241, H
BT IR S BT U G AR R ) )L

2 SERTEWET
2.1 TEX-2015 %1+ B ME A&

IEX-2015 il M2 A D BE 2 25—, RAAA
TR 5 2 AR R T I AR B TR S ALV E A
Tl I B AR, T MU S B TR R A 2R
JUT S5 K0T FRIR IR BN A TR AR A . TAES
A 27 B AR B DA B B i R 5 5 S Ok T
S B TR X AR IR R T RN Ak
S B IR R T 5] X T AN A 1 5
HH AR AT R Y | gl A ] A0 2 s A 1) 51 H FL
DA R G NAMINRES: 55 T7 20, FERCR NS5 B TR S5
Y0 A S B R R G T 5] AR BT
ST AR 2 I SRR, LR Bk I R
S R, ETOA I B TR R OTER L
ESH BB RS 5 BT s e B
a3

[EX-2015 () B AR S5 M tn & 2 o, %P & &
HHAT ARG, W THRKESR. §TIIHARSR
DLR B R S k. 1o, S5 TR TAE AR
(AR SCWE IR FHR) 1 R A4 N B, T 5%
BRSNS G X SRS, ARSI s
WA F N 45 B A SR X A ) E AR
PR, TR 51t HAE 5, B R Y B AR Sk (Tek-
tronix TCPO030A) Il & I 3% A 75 % &% (Tektronix
DPO4034) it 3%. WE 2 fiR, BE RGEEAHE
A A RH L R L, F =Rk A
fRI T Gk, s 2 ) B A B A T 42 5 B R R AR
B g AR R FES R DL KD i LS 2
AN INE 2R O, I 2R R B R i 5e T &
i =5 N BE £ [l PN 3N B FRL IR AT AR B A 0 (B
HIXIR) 7242 03 x 1073 T ¥ SIREs. Bl =0k
Ko ait, H EE F s = ARE, T
MKF250 %2 5N ER T RZAMIE. B ERTRA

182801-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 18 (2018) 182801

K2 (a) IEX-2015 ~E A, (b) BN K (c) L3P &S
Fig. 2. (a) Schematic of the IEX-2015, (b) pictures of the chamber interior, and (c) experimental platform.
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Fig. 3. (a) Schematic and (b) picture of the co-axial-type plasma generator structure.
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Table 1.

model for argon plasmas.

Species considered in collisional-radiative
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Table 2. Reaction pathways considered in collisional-radiative model for argon plasmas.
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Table 3. Comparisons of key plasma parameters on different ion extraction simulation experimental platforms.
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Abstract

In an atomic vapor laser isotope separation process, the required isotope atoms are ionized selectively by a pulsed
laser with a specific narrow line width, and then the produced isotope ions are extracted to the collected plates under an
externally applied electromagnetic field. In the whole ion separation process, the ion extraction sub-process is one of the
most important physical processes. Previous studies have shown that the key parameters of the laser-induced plasma,
e.g., the initial electron number density and temperature, have a significant influence on the ion extraction features. In
an actual isotope separation process, a specifically designed laser is necessary to produce the required isotope ions, which,
however, leads the whole facility to have a very complicated structure, high capital cost, and especially, very narrow
window of the key plasma parameters. These will, to some extent, limit a more in-depth investigation of the influences
of the key plasma parameters on the ion extraction characteristics.

In this paper, an ion extraction platform (ion extraction simulation experimental platform-2015, IEX-2015) is
developed on the basis of a gas discharge plasma jet driven by a kilo-hertz high-voltage power supply. And an argon
plasma “collisional-radiative” model is established to measure the electron temperature and number density in the
plasma jet region. The experimental results show that the power input and driving frequency of the power supply
and the argon mass flow rate can all affect the electron temperature and electron number density. The measured
variation ranges of the electron number density and temperature are 10°-10'! cm ™2 and 1.7-2.8 €V, respectively, under
a chamber pressure on the order of 1072 Pa, which are close to the parameter levels in the actual ion extraction process.
Subsequently, the preliminary ion extraction experiments are conducted under different extraction conditions including
different externally applied voltages, different electrode distances and different plasma densities. The experimental results
are also qualitatively consistent with those in an actual ion extraction process. The preceding preliminary experimental
results show that it is feasible to conduct the ion extraction simulation study on IEX-2015. This is very helpful for

systematically studying the ion extraction characteristics under different operating conditions in our future research.

Keywords: ion extraction, low-pressure gas discharge, non-equilibrium plasma, collisional-radiative

model
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